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Abstract – Physico-chemical (lipid oxidation, 
colour and pH analyses) and sensory 
characteristics (odour intensity, rancid 
odour, colour crust, colour mass, taste 
intensity, rancid taste, crispness, juiciness, 
firmness, cohesiveness) of chicken nuggets 
were determined at different frozen storage 
times (-18ºC) along 270 days. The frozen 
storage did not affect to colour parameters 
(a* and b*) and pH over 270 days. Regarding 
lipid oxidation, the nuggets were stable until 
180 days but later a significant increase was 
produced (P<0.05), indicating the beginning 
of deterioration. Trained panel evaluated the 
sensory characteristics of cooked nuggets 
using a quantitative descriptive analysis 
(QDA) concluding that in general, sensory 
attributes were not affected by storage time. 
The odour and taste intensity were highly 
valued by judges while for rancid attribute 
no significant differences were described 
(P>0.05). In conclusion, chicken nuggets can 
be stored under frozen conditions without 
any preservative until 180 days where the 
oxidation process started to affect the 
products quality evaluation. 
 
I.  INTRODUCTION 
 
The chicken-based foodstuffs are becoming 
increasingly popular with a growing 
consumption mainly as “ready-to-eat” 
products, such as frozen chicken nuggets 
since less spending time on preparation, 
good nutritional quality as a protein source 
and low cost are provided (1). A desirable 
high-polyunsaturated acid profile in chicken 
meat is described, that although may be 
nutritionally interesting makes the product 
very susceptible to oxidative reactions (2) 
which can be intensified by the culinary 
technique, a deep-frying process, that is 
required to get ready this product. These 
changes could affect the physic-chemicals 
parameters and sensory attributes (odour, 
colour, and flavour) on frozen nuggets (3). 
In many products, changes in sensory 
characteristics occur largely before any risk 
to consumers' health can be reached, 
therefore shelf-life of majority of food 
products is determined by sensorial 
deterioration (4). In this context, the aim of 
this work was to evaluate the effect of 
frozen storage in physico-chemical and 
sensory quality in chicken nuggets. 
 
II.  MATERIALS AND METHODS 
 
The nuggets were experimentally 
manufactured according to the market pre 
fried products formulation. For this purpose 
deboned skinless chicken breasts (60%) 
were minced with ice (23%) in a chopper 
equipped for 30 seconds. They were mixed 
with the typical additives for commercial 
nuggets (15% potato flakes, 1% salt and 1% 
albumin). All components were thoroughly 
mixed to provide an uniform blend, and the 
chicken nugget samples were prepared in 
characteristic shapes of 5×3×1 cm, each 
weighing 25 g and were freezing until −18 
°C. The pieces were dipped in the prepared 
batter for 15 seconds (wheat flour 93.57 %, 
salt 1.17% bicarbonate 0.24%, yeast 2.34% 
and xanthan gum 1.17%). A total of 128 
chicken nuggets were used (16 nuggets per 
batch x 4 times x 2 replicates each). 
Chicken nuggets were pre fried using a 
traditional fryer (Taurus, Spain) for 30 
seconds at 165ºC in sunflower oil 
(Hacendado, Sovena Spain S.A.) and 
packaged in polyethylene bags and stored at 
frozen temperature (−18 °C) for 270 days.  
Physico-chemical [pH, Crison GLP21 
equipment (5); colour coordinates, Minolta 
CR400 (Osaka, Japan); Thiobarbituric acid 
reactive substances, TBARS, Tarladgis et 
al. (7)] and sensory analysis [Qualitative 
Descriptive Analysis (QDA) (6) using an 
unstructured scale of 10 cm by a trained 
panel consisting of 9 judges] were carried 
out in the samples at 0, 90, 180 and 270 
days.  
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Data were analysed using the statistical 
package SPSS 19.0 (Statistical Package for 




The Table 1 shows the meat quality on 
chicken nuggets along the frozen storage. 
The initial pH values were similar to 
previous researches in similar products (8). 
No significant differences were described in 
the pH values due to frozen storage and 
treatments, in agreement Modi et al. (9) 
who did not find significant differences on 
pH values during 6 months frozen storage 
in curry chicken.  
Table 1 Physico–chemical parameters of 
chicken nuggets during the frozen storage for 
270 days 
 Storage time (days) 
 0 90 180 270 
L* 63.1±3.7a 71.0±2.1b 72.4±1.3b 68.6±1.8b 
a* -0.5±0.3 -0.7±0.4 -1.1±0.4 -0.9±0.2 
b* 15.0±2.0 14.1±2.0 13.7±2.3 12.3±3.0 
pH 6.3±0.0 6.4±0.1 6.3±0.2 6.3±0.1 
TBARS 4.5±0.4a 4.8±0.6a 4.6±0.6a 5.8±0.6b 
All date are expressed as mean value standard 
desviation. Different letters (a-b) indicate significant 
differences among storage times according a Tukey 
test (P<0.05). 
As respect the colour coordinates, no 
significant effect (P>0.05) of storage time 
was showed on a* and b* colour 
parameters. L* coordinate was stable 
between 90 and 270 days, however, a 
decreased of luminosity (P<0.05) was 
showed in comparison with initial values. 
In general, freezing treatment tends to 
reduce L* probably due to a decrease in the 
water-holding capacity usual in this frozen 
process (10). TBARS values (mg 
malondialdehyde / kg sample) were stable 
until 180 days due to the low temperatures. 
Following, a significant lipid oxidation 
value (P<0.05) at 270 days indicated the 
beginning of product deterioration. In the 
same way, Modi et al. (11) reported marked 
increase in TBARS values after 180 days of 
frozen storage of chicken nuggets.  
 
Table 2 Sensory quality of chicken nuggets 
during the frozen storage for 270 days 
 Storage time (days) 
 0 90 180 270 
OI 10.0±0.1 9.6±0.7 9.4±0.6 9.5±0.5 
RO 0.0±0.0 0.00±0.0 0.0±0.0 0.0±0.0 
CC 10.0±0.0 9.7±0.5 9.6±0.6 9.7±0.4 
MC 9.9±0.3 9.8±0.4 9.6±0.6 9.7±0.4 
TI 9.9±0.2 9.6±0.8 9.6±0.5 9.2±0.6 
RT 0.0±0.0 0.0±0.0 0.0±0.0 0.1±0.2 
C 5.9±1.3ab 6.2±1.8a 5.2±0.8ab 4.2±1.3b 
J 6.6±0.9a 5.6±1.3ab 4.8±1.0b 4.9±0.9b 
F 4.3±1.1ab 4.9±1.1a 3.2±1.3b 3.8±0.8ab 
CO 4.6±1.0b 5.6±1.2b 2.8±1.3a 4.5±1.1b 
OI: Odour intensity; RO: Rancid odour; CC: Crust 
colour; MC: Mass colour; TI: Taste intensity; RT: 
Rancid Taste; C: Crispness; J: Juiciness; F: Firmness; 
CO: Cohesiveness. All date are expressed as mean 
value standard desviation. Different letters (a-b) 
indicate significant differences among storage times 
according a Tukey test (P<0.05).  
The results of the sensory evaluation are 
presented in Table 2. In general sensory 
attributes (odour intensity, rancid odour, 
crust colour, mass colour, taste intensity, 
and rancid taste) were not affected by 
storage time (P>0.05). Significant 
differences were observed in texture 
attributes (crispness, juiciness, firmness, 
and cohesiveness) but did not follow a 
consistent trend, probably related with the 
small differences produce from the 
handmade productions process. The 
juiciness value shows a clear decrease along 
storage time likely associated with water 
losses by freezing. The odour and taste 
intensity were highly valued by panellists 
and were always scored on the top scale 
along 270 days of storage time. In regard to 
rancid odour and rancid taste no significant 
difference were showed (P>0.05). Colour 
attributes, crust colour and mass colour, did 
not vary by effect of the frozen treatment in 
agreement with instrumental analyses, and 
similar result were found by Seleni et al. (3) 
in cooked chicken meat with respect frozen 
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IV. CONCLUSION 
 
This study evaluated the impact of frozen 
storage at −18 °C for a period of 270 days 
on physico- chemical and sensory 
characteristics of chicken nuggets. It can be 
concluded that frozen storage has a 
protective effect against oxidative reactions 
until 180 storage days. Colour, pH and 
sensory characteristics remained practically 
stable along storage at 270 days. Therefore, 
chicken nuggets without any preservatives 
can be stored at -18ºC without quality 
losses for 270 days but the oxidative 
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QUANTITATIVE PROTEOME ANALYSIS OF pH-RELATED CHANGES 
IN MUSCLE BOVINE  
 
Mirele D. Poleti1*, Cristina T. Moncau1, Alessandra F. Rosa1, Joanir P. Eler1  
and Júlio C. C. Balieiro1 
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Abstract – The pH is important factor to meat 
tenderness and changes in protein levels among 
different pH classes in the bovine Longissimus 
dorsi muscle can help to explain meat tenderness 
variation. Hence, the objective of this study was to 
investigate the changes in proteins in bovine 
muscle between different pH classes using 
multidimensional protein identification technology 
- MudPIT. Muscles from Nellore cattle were 
collected at 24 hours and carcass pH values were 
recorded at 1 and 24 hours post mortem. From the 
pH values at 24 hours post mortem 80 cattle were 
selected and divided in two different classes: low 
(5.4–5.6) and high (pH≥5.8) pH. Into each pH 
class ten animals was pooled to obtain four 
samples per group. The proteomic profile was 
analyzed by nanoACQUITY UPLC system 
coupled to the SYNAPT G2 MS system. 
ProteinLynx Global Server with ExpressionE 
analysis identified a total of 1288 for high pH class 
and 1306 for low pH class. Five proteins were up-
expressed significantly different level in High pH 
class versus Low pH class. The proteins 
glyceraldehyde 3-phosphate dehydrogenase, 
triose-phosphate isomerase, aspartate 
aminotransferase, malate dehydrogenase and 
myosin demonstrated to be related to muscle pH 




Meat quality can be influenced by several factors 
[1,2], among them the ultimate pH. In general, the 
meat is considered to be good quality at an 
ultimate pH (pHu) between 5.4 and 5.8, but 
detrimental effects on the color, tenderness, flavor 
and microbial stability can be noted at pHu values 
higher than 5.8 [3]. Some works report tender meat 
when the carcasses have the highest pHu values 
[4,5], whereas other studies report tender meat 
when the carcasses have the lowest pHu values [6]. 
Another report demonstrates that less tender meat 
is found in the carcasses with pHu values between 
5.8 and 6.2 [7].  
The basis of meat quality differences in relation 
pH can be explained by different proteolytic 
activity [7,8].  
Proteomics studies based 2DE (two dimensional 
electrophoresis) has been performed to 
investigated the proteins involved in muscle to 
meat conversion [9]. However 2DE analysis have 
most severe limitation as proteins low abundance 
are not detected, limited dynamic range, low 
quantification and has limited solubility for 
hydrophobic and membrane proteins [10]. 
A new technology for quantitative proteomics as 
MudPIT (multidimensional protein identification 
technology) is being used to study of differential 
expression of proteins in complex biological 
samples as a rapid, reproducible and accurate 
quantification strategy [11].  
Therefore the objective of this study was to 
investigate the changes in proteins in bovine 
muscle between different pH classes using 
MudPIT. 
 
II. MATERIALS AND METHODS 
 
Animals and sampling 
 
Samples of Longissimus dorsi (LD) muscle were 
collected at 24 hours post mortem from 241 
Nellore cattle reared on pasture and feedlot 
finished. The animals were slaughtered at an age 
of 24 ± 1.2 months and a live weight of 508 ± 39 
kg. After collection, the samples were 
immediately stored at -80ºC for proteomic 
analysis.  
The carcass pH values were recorded at 1 and 24 
hours postmortem. The measurement was taken 
in the 12nd thoracic vertebrae in the Longissimus 
dorsi muscle on the left side from the carcass 
using a portable pH meter (pH 11 Economy 
Meter, Oakton instruments).  
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From the pH values at 24 hours post mortem 80 
cattle were selected and divided in two different 
classes: low (pH 5.4-5.6) and high (pH≥5.8).  
 
Extraction of muscle proteins 
 
Sample preparation was performed according 
Bouley et al. [9]. Briefly, frozen muscle tissue 
from ten animals for each pH class was pooled to 
obtain four samples per group. The samples was 
homogenized in a lysis buffer containing 8 M Urea, 
2 M Thiourea, 1% DTT, 2% CHAPS and 2% IPG 
buffer pH 4-7 and centrifuged at 10 000 x g for 30 
min. at 4ºC. The supernatant was harvested and 
protein concentration determined (PlusOne 2-D 




The protein extract was digested with trypsin and 
1 µl phosphorylase from rabbit was added as 
internal standard for each sample. The digested 
peptide mixture from each sample was loaded onto 
a nanoACQUITY UPLC system coupled to the 
SYNAPT G2 MS system (Waters, Manchester, 
UK). The chromatography step consisted of a two-
dimensional nano-scale LC instrument that 
included a strong cation-exchange column and a 
C18 reversed-phase analytical column.  
The mass spectra were acquired in the positive ion 
and V-mode. The TOF analyzer was calibrated 
with the MS/MS fragment ions of [Glu1]-
fibrinopeptide B (GFP, 100 fmol/µl) injected once 
every 30s. 
The analysis of spectra and identification of 
proteins in the database were performed with 
ProteinLynx Global Server v.2.5 (PLGS) 
searching into the UniProtKB/Swiss-Prot Bos 
taurus taurus and Bos taurus indicus database to 





The data was submitted to ANOVA using PROC 
MIXED procedure of Statistical Analysis System 
(SAS), version 9.1.3, to test the effects of two pH 
levels. Due to the high number of proteins to be 
evaluated, it was applied Bonferroni correction to 
control the level of significance set at 5%. 
 
III. RESULTS AND DISCUSSION 
 
The total number of proteins identified was 1288 
for high pH class and 1306 for low pH class 
(Figure 1). However, the number of common 
proteins, in all samples, between the pH classes 











Figure 1.  Number of proteins identified in each 
sample within each pH class. 
 
We found 5 up-expressed proteins significantly 
different level in High pH class versus Low pH 
class (Figure 2). Two proteins found are 
glycolytic enzymes (glyceraldehyde 3-phosphate 
dehydrogenase and triose-phosphate isomerase), 
one is involved in transport (aspartate 
aminotransferase), one participate tricarboxylic 
acid cycle (malate dehydrogenase) and one is 
















Figure 2.  Differentially expressed proteins in 
bovine Longissimus dorsi muscle 
between two pH class (Low pH <5.8 and 
High pH >5.8). 
 
 
The pH decline is a result of lactate production 
and accumulation within the muscle. The lactate 
production is resulted of the glycolytic pathway 
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under anaerobic conditions. Therefore, the 
enzymes that catalyze the glycolysis reactions 
affect the rate and extend of pH decline in post 
mortem muscle [12]. In this study, two enzymes 
that are involved in energy metabolism 
significantly increased in abundance in meat 
with high pH.   
The aspartate aminotransferase (AST) is an 
important enzyme in amino acid metabolism and 
is known that elevation in AST levels is a 
specific indicator of skeletal muscle injury [13]. 
The malate dehydrogenase is involved in the 
TCA cycle. It’s converts malate to oxaloacetate 
producing an equivalent amount of NADH [14]. 
The malate dehydrogenase was more abundant 
in the group high pH. Laville [14] found malate 
dehydrogenase overrepresented in the tough 
group in pig Longissimus Lomborum. 
The myosin is considered to define the 
mechanism of meat tenderization. Therefore, a 
greater abundance of myosin in meat with high 
pH suggests less degradation and integrity of 




In conclusion, the MudPIT was able to identify 
proteins that changed in bovine muscle between 
different pH. The results demonstrated that 
proteins involved in enzymatic reactions of the 
glycolysis and TCA cycle and therefore associated 
with energy production are related with the 
ultimate pH in post mortem muscle, as well as 
myosin and aspartate aminotransferase 
mitochondrial. Those proteins could explain the 
variation of some meat traits due different ultimate 
pH. The evaluation of peptides present only in one 
or another class of pH may help to understanding 
the biochemical changes involved in meat with 
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Abstract:  Heat-induced shrinkage of 
collagen is generally believed to be a 
driving force of meat shrinkage on 
cooking. Previous studies of shrinkage 
forces in collagenous tissues have not 
included direct measurements on the 
major intramuscular connective tissue 
structure, i.e. the perimysium, despite its 
presumed role in changes in tenderness 
during the cooking of meat.  
Hydrothermal isometric tension tests were 
performed on perimysial tissue samples 
isolated from raw meat. Under a regime of 
heating at 3°C/min from room 
temperature to 87°C, individual 
perimysium strands from 9-day post-
mortem bovine semitendinosus muscle 
developed on average a tension of 16.8g 
(S.E. 4.35g, n=21). Subsequent holding the 
perimysial samples at 85°C for a further 
30 minutes caused only a 12.5% reduction 
in force, indicating that the perimysium in 
this muscle is very heat-stable. The results 
support the hypothesis that forces 
generated in the perimysiual network 
within meat during cooking could 
contribute significantly to cooking losses 
above 65⁰C. 
   
Key words: perimysium, collagen, meat 
tenderness, cooking, shrinkage forces   






As meat is cooked to progressively higher 
temperatures, both the toughness of the 
cooked product and the amount of cooking 
exudate (fluid loss) increases (Davey and 
Gilbert, 1974; Tornberg 2005). Correlations 
between thermal denaturation of proteins in 
meat and changes in tenderness with cooking 
temperature (Martens et al, 1982) suggest 
that increased meat toughness at cooking 
temperatures above 65°C may be associated 
with denaturation of collagen within the 
intramuscular connective tissue (IMCT).  
The largest component of IMCT is the 
perimysium (McCormick, 1994, Purslow 
2005, 2014) and the amount of perimysium 
varies between muscles. Lepetit (2008) 
suggested a role for IMCT in the 
development of toughness in cooked meat 
due to the rubber-like elasticity of heat 
denatured collagen networks stabilised by 
covalent crosslinks and the pressure on 
muscle fibre contents that is presumed to 
occur due to the heat-induced shrinkage of 
these networks.  
Perimysial IMCT can contribute to variations 
in meat toughness with cooking temperature 
in three ways. Firstly, the tensile strength of 
the perimysial strands can change with 
temperature Lewis and Purslow (1989) 
showed that the strength of perimysium 
isolated from cooked beef semitendinosus 
increases from room temperature to 50°C  
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and decreases at temperatures above this. 
Secondly, the number of perimysial strands 
per unit cross sectional area in a piece of 
meat may increase as the muscle fibres and 
fascicles shrink laterally. Thirdly, the forces 
produced in the perimysial network 
surrounding the fascicles on cooking may 
squeeze fluid out of muscle fibres, making 
them tougher.  
Considerable forces are produced in 
collagenous tissues if heated while restrained 
from changing length, as measured by 
hydrothemal isometric tension (HIT) studies 
(Allain et al., 1978, Horgan et al., 1990, 
Kopp & Valin, 1980-81).  However, the HIT 
studies reported to date are either on 
collagenous tissues such as skin tendon or 
epimysium from muscle.  There does not 
appear to be data in the literature for the 
tension that can be generated in perimysium. 
HIT tests were therefore conducted to assess 
the forces that can be generated by the most 
important IMCT component in relation to 
meat cooking.  
 
 II. Materials and Methods 
   
Semitendinosus muscles were obtained from 
two commercially-available Angus heifers 
(approximately 30-34months old) and 
excised from the carcasses 48 hours post 
mortem. Muscles from both animals were cut 
transverse to the muscle fiber direction, into 
1-inch thick slices, vacuum packed 
immediately after cutting, and aged in a 
refrigerator at 4°C for a further 7 days prior 
to freezing at -20°C. All samples remained 
frozen until use. Small strips of perimysial 
connective tissue were dissected from 
thawed raw muscle slices using a surgical 
scalpel. Each strip was placed in the 
apparatus described by Purslow et al (1998) 
to measure force at a fixed length and 
suspended in phosphate buffered saline 
(PBS). Using an EchoThermTM 
Programmable Digital hot plate/stirrer, the 
specimen was heated in the PBS saline bath 
at a linear rate of 3º per minute with constant 
stirring until a target temperature of 85ºC 
was reached. Due to thermal inertia, there 
was an overshoot of 2ºC in the system, so 
that the maximum temperature reahed was 
actually 87ºC in al specimens. The 
temperature was then held constant at 85 ºC 
for a further 30 mins. Peak force at 
maximum temperature was recorded.  At the 
end of the 30 min holding period, the 
residual force in the specimen was measured. 
The drop in load from peak force to this 
value was expressed as a % relaxation from 
the peak load.  
 
III. Results and Discussion 
 
 Figure 1 shows a graph of load and 
temperature versus time for a typical 
specimen.   
 
No appreciable load is generated until the 
temperature passes 65°C, and thereafter the 
relationship between load and temperature 
during the heating ramp is linear, with  
gradient of 0.67 g/°C.  After the maximum 
temperature is reached, the small drop of 2°C 
Fig.1. Force (right axis) and temperature (left axis) 
versus time during a typical test.  
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to the holding temperature of 85°C was 
accompanied by a small drop in load, but 
during the subsequent holding period there 
was only a small relaxation of load.   The 
average behavior of all 21 samples tested is 
summarized in table 1. 
 
 Maximum 
force / g 
% relaxation 
from peak force 
to end of test 





These results show that perimysium from 7 
day-aged bovine semitendinosus muscle 
generates considerable shrinkage forces only 
when heated above 65°C. Unlike the 
majority of results reported for skin (Allain 
et al., 1978), tendon (Horgan et al., 1990) 
and epimysium, (Kopp & Valin, 1980-81), 
the relaxation in load in the perimysium at 
high temperatures is very small. When held 
at 85°C for 30 mins there was only a 
relaxation in isometric force by 12.5% of te 
maximum value. Shrinkage forces within the 
perimysium in a piece of meat being held at 
high temperatures during long cooking 
procedures could therefore continue to be 
significant and contribute to the forces 
driving cooking loss.  
Kopp & Valin (1980-81) reported that 
almost half of collagen in the  epimysium 
from the longissimus dorsi  muscle of 16 
month-old bulls could be solubilised on 
heating to 96°C.  They also showed that this 
amount could be increased slightly by 
proteolysis of the tissue. In our samples of 
perimysium tsken 9 days post-mortem form 
bovine semitendinosus muscles, collagen 
solubilisation on heating to 85°C with a 
holding period of 30 mins was measured on 
5 samples and was found to be on average 
only 3.62% of the total. This small  degree of 
solubilization is commensurate with the 
small relaxation in shrinkage force. It 
uggests that the perimysium from this 
muscle is very highly resistant to 
solubilisation on cooking.  
 
IV. Conclusions and future work 
The results reported here are, to our 
knowledge, the first studies of thermal 
shrinkage forces that have actually been 
measured on perimysium directly, rather 
than other connective tissues or whole pieces 
of meat. The results support the hypothesis 
that shrinkage forces in intramuscular 
connective tissue at cooking temperatures 
above 65°C are considerable, and could 
contribute to fluid loss from meat and hence 
increase meat toughness at high temperature.  
However, Tornberg (2005) shows that 
cooking losses in comminuted meat (where 
the perimysial network is broken down) are 
not significantly smaller than in whole 
muscle, so that further research is necessary 
to clarify whether the shinkage forces of 
perimysium reported here actually contribute 
to cooking losses and increasing toughness at 
high temperature.   
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Abstract – The aim of the research was to study the 
effects of “Wooden Breast” (WB) myodegeneration 
on poultry meat quality. At a poultry meat cutting 
facility, 30 normal (N) and 30 WB (WB) fillets 
(Pectoralis major muscle) were selected to measure 
the weight, cross sectional area, pH and L*a*b* 
colour values at 48h post mortem, and pH, L*a*b* 
colour values, water-holding capacity and Warner-
Bratzler shear force after 3 months of storage at -20 
°C. Data on WB condition showed a negative effect 
on all of the variables, measured at the cranial end 





A great demand of poultry meat has put pressure 
on breeders, nutritionists and farmers to improve 
the growth rate, feed efficiency, and breast meat 
yield of the birds (1). However, challenging birds 
to reach high body weight within a short period of 
time has led to a dramatic increase of breast 
muscle defects within the last few years. Two of 
such have been described and named as the 
“White Striping” (WS, Kuttappan et al.; 2) and the 
“Wooden Breast” (WB, Sihvo et al.; 3). WS defect 
that has been rather intensively studied recently 
refers to macroscopic white striations running 
parallel to the direction of muscle fibres (2, 4, 5, 6, 
7) and may show a tendency of separation of fibre 
bundles beneath the striated area (8, 9). 
Microscopically, WS-affected fillets exhibit 
chronic lesions characterized by fibrosis and 
lipidosis (5, 6, 7). WS has been suggested to be 
linked to increased growth rate, higher breast 
weight and yield (1, 2, 5, 6, 10, 11), accompanied 
by higher age at slaughter (1, 12) rather than 
gender and feeding regimen (7), dietary vitamin E 
level (7, 11), as well as genetics (10, 12). WS 
defect results in lowered technological quality of 
the fillets by increasing drip and cooking losses 
(1), toughness (13), yellowness of colour (b* value 
(7), and pH (1, 9). Furthermore, WS defect 
significantly reduces consumer acceptance 
because of the fatty, marbled and abnormal 
appearance of the fillets (4), and that forces 
poultry processors to downgrade the affected 
fillets to processed products, which has economic 
consequences for the poultry industry (5).  
While the aetiology and quality implications of 
WS have been investigated, little is yet known 
about the incidence of WB, its mechanisms of 
formation and/or the consequences on quality. 
Apart from the macroscopic and histopathological 
characteristics described by Sihvo et al. (3), the 
scientific community is investigating the causes of  
WB. Similarly to WS, the greatest suspicions seem 
to fall on the fast growth rate as well as the ever-
increasing breast meat yield. As characterized by 
Sihvo et al. (3), an affected Pectoralis major 
muscle exhibits remarkable palpatory hardness 
that is diffuse or focally-extended. Furthermore, 
the hardened areas of a WB fillet are consistently 
out-bulging and pale, and the surface is often 
covered with clear or slightly turbid viscous fluid 
and/or petechiae or multifocally distributed small 
hemorrhages; also white striping is regularly seen.  
The aim of the study was to gain information on 
the potential effects of WB on the quality of 
chicken breast meat, and thus, help the industry to 
alleviate the financial burden caused by the 
condition. 
 
II. MATERIALS AND METHODS 
Broiler carcasses were deboned and breast 
muscles were collected forty-eight hours post 
mortem at a poultry cut-up plant. Altogether 60 
breasts were selected, of which 30 were 
considered normal (N) and another 30 severely 
affected by the “Wooden Breast” (WB) condition. 
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The WB selection criteria included simultaneous 
presence of bulged as well as hard areas at 
palpation. The N vs WB condition was assessed by 
two experienced team members. 
The right Pectoralis major muscle was weighed 
and subjected to analyses. pH was measured on 
cranial and caudal ends of the muscle with Mettler 
Toledo FE20, and the colour values of lightness, 
redness, yellowness, chroma and hue (L*a*b*, C* 
and H°, respectively) were measured with 
RM200QC colorimeter (X-Rite, Co, Neu-Isenburg, 
Germany). The muscle was cut transversely at the 
level of the thicker cranial portion, and muscle 
cross-sectional view was photographed and 
processed with digital image analysis software 
(Carl Zeiss, Model Axiovision 4.6.3.0) for 
muscle cross-sectional area (CSA). Breast samples 
were individually vacuum-packed, and kept frozen 
for 3 months at –20 °C. After thawing the samples 
were reweighed and thawing losses were 
calculated. Also pH and colour values were 
recorded again. For determination of cooking 
losses, fillets were again vacuum-packed and 
cooked in a water bath until core temperature of 
74 °C.  
Shear force (WBSF) measurements were 
performed on cylindrical samples (Ø1.25 cm) cut 
perpendicularly to the muscle fibre direction with 
a Warner–Bratzler cell (100-kg load cell, 2 mm/s 
crosshead speed) fitted on a TA-HDi Texture 
Analyzer (Stable Macro System, London, UK). 
WBSF values of the samples represent an average 
of 6 measurements. 
Data were analysed using SAS 9.1 statistical 
analysis software for Windows (SAS, 2008) by 
considering the breast condition (N / WB) as an 
independent variable.  
 
III. RESULTS AND DISCUSSION 
 
The WB fillets differed significantly from the 
normal in breast weight, CSA, pH, colour values, 
and cooking loss. 
WB fillets had a higher pH value at both 24 hours 
post mortem as well as after frozen storage, the 
difference being significant (P<0.01) however 
only for the cranial end (Tables 1 and 2). Previous 
studies on WS have showed a similar overall pH 
trend (1, 9). 
 
Table 1. Breast (Pectoralis major) pH and L*a*b* 
colour values at 48 h p.m. 
 
 N WB  Significance RSD(1) 
pH Cranial 5.90 6.03 ** 0.19 
pH Caudal 5.87 5.92 ns 0.16 
L* Cranial 50.9 54.6 *** 3.4 
L* Caudal 50.5 53.8 *** 3.3 
a* Cranial -1.1 -0.3 ** 1.4 
a* Caudal -1.2 -0.6 ns 1.4 
b* Cranial 12.9 15.9 ** 3.1 
b* Caudal 12.4 13.3 ns 3.6 
C* Cranial 13.0 16.0 ** 3.2 
C* Caudal 12.6 13.4 ns 3.6 
H° Cranial 95.4 90.5 ** 5.2 
H° Caudal 96.8 94.3 ns 7.3 
*: P<0.05; **: P<0.01; ***: P<0.001; (1) Residual Standard 
Deviation 
 
Table 2. Breast (Pectoralis major) pH and L*a*b* 
colour values after frozen storage. 
 
 N WB  Significance RSD(1) 
pH Cranial 5.91 6.03 *** 0.12 
pH Caudal 5.86 5.91 ns 0.13 
L* Cranial 48.5 52.3 *** 3.0 
L* Caudal 48.9 51.3 *** 2.4 
a* Cranial -0.4 -0.7 ** 1.3 
a* Caudal -1.2 -1.2 ns 1.3 
b* Cranial 16.7 19.8 ** 3.7 
b* Caudal 13.9 15.2 ns 3.7 
C* Cranial 16.7 19.9 ** 3.7 
C* Caudal 14.1 15.4 ns 3.6 
H° Cranial 92.1 88.8 ** 4.6 
H° Caudal 96.0 96.0 ns 6.23 
 *: P<0.05; **: P<0.01; ***: P<0.001; (1) Residual Standard 
Deviation 
 
WB samples were lighter in colour than the 
normal; an effect not observed with respect to WS 
(Kuttappan et al. (7); Petracci et al. (9)). The 
higher L* values were recorded both cranially and 
caudally, highlighting the significance of the 
characteristic in the WB condition.   
Similarly to L*, also higher a* and b* values were 
recorded in WB yet the difference was significant 
only for the cranial end. The increased lightness 
and yellowness of the WB samples call for further 
investigation as those are not likely to be 
attributable to lipidosis that has been found to 
accompany the defect of WS [7]. Perhaps the 
colour changes within the WB fillets are more 
related to the marked fibrotic response. Also 
chroma (C*) and hue (H°) revealed the similar 
trend seen for redness (a*) value (Tables 1 and 2).  
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Comparable to WS (4, 5, 6, 7), also WB had a 
negative effect on water holding capacity (WHC) 
(Table 3). Total losses (thawing + cooking losses) 
were significantly higher in WB than N (31.4 vs 
29.0%; P<0.05), due to higher cooking losses 
(26.4 vs 23.5%; P<0.01; Table 3).  
 Table 3. Breast (right Pectoralis major) weight, 
WHC, WBSF and cross sectional area (CSA) 
 
 N WB Significance RSD(1) 
Weight, g 377 505 *** 49.7 
Thawing losses, % 5.4 5.0 ns 1.7 
Cooking losses, % 23.5 26.4 ** 3.7 
Total losses, % 29.0 31.4 * 4.4 
WBSF, N 15.5 16.9 ns 2.8 
CSA, cm2 25.1 30.3 *** 4.5 
*: P<0.05; **: P<0.01; ***: P<0.001; (1) Residual Standard 
Deviation 
 
The lower WHC of WB during storage and 
cooking may be caused by the degeneration of 
fibres since that is likely to result in marked 
reduction of myofibrillar proteins due to the 
replacement of myosin and actin, the proteins 
responsible for WHC, with connective tissue (1, 3). 
It was anticipated that the palpatory hardness of 
the fresh fillet would manifest itself as significant 
differences in the measurements of WBSF. 
However, the shear force of cooked meat was not 
significantly influenced by WB. With respect to 
the WS defect, the lower shear values in 
comparison to normal have been explained by 
extensive poor cohesion and the tendency of the 
fibre bundles to get separated (8; 9); phenomena 
that were also observed cranially in most of the 
WB muscles of our study. Nevertheless, even the 
cranial palpatory hardness still present after 
thawing was not reflected into the WBSF values. 
WB fillets were also significantly heavier (505 vs 
377 g; P<0.001) and had a higher CSA (30.3 vs 
25.1 cm2; P<0.001) than the normal. Similar 
findings have been reported also with respect to 
the WS condition (1, 2, 7, 12). Breasts of greater 
width and thickness have been associated to 
increased fibre diameter and length (14) as well as 
to a combination of hypertrophy and increased 
muscle fibre number (15). The histologic 
evaluation of Petracci et al. (1) on WS fillets from 
carcasses of relatively great weight revealed that 
large muscle fibre cross-sectional area had a 
significant association with a greater incidence of 
abnormal fibres (with a so-called “internalization” 
of nuclei). The breast samples of our experiment 




This study showed that WB has, in general, 
negative effects on meat quality, resulting in 
colour that is lighter, less red and more yellow 
than normal, as well as in greater weight losses. 
Affected fillets are also characterized by higher 
weight and larger cross-sectional area, which 
suggests that birds' size is an issue. The triggers 
and mechanisms of the pathological course of 
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Abstract – Cooked loins for self service 
shelves is a recent use for pork loins that are 
traditionally intended to the fresh meat 
market. Therefore, the prediction of the meat 
quality for a processing purpose is still poorly 
documented. A previous study revealed a 
close relationship between the cooking yield 
of the loin and its ultimate pH and described 
strong problems of slicing. The aim of this 
work is to explore other meat quality 
predictors such as visible+NIR spectroscopy 
and conductance, and to study the texture 
problems occurring during the slicing of 
cooked loins. The ultimate pH of the 
Longissimus shows good correlation level with 
the cooking yield whatever the measurement 
site (from r=0.60 to r=0.69), but conductance 
can’t be considered as a meat quality 
predictor in this study. External validation 
results for visible+NIR spectroscopy 
prediction of the cooking yield (r=0.65) let us 
consider this technique as a reliable 
alternative to ultimate pH for cooking yield 
prediction, but only if applied at the caudal 
end of the Longissimus. The “paste-like” 
defect location is specific of both cranial and 
caudal end of the loin, and is not linked with 





In the growing market of cooked ham displayed 
in the self service shelves, the cooked loin is a 
recent but rising product in France (+11.5% in 
2012). Cooking yield and slicing yield problems 
and their relationship with meat quality 
parameters has been well documented for 
cooked ham in the past. Ultimate pH especially 
is well known for its strong relationship with the 
cooking yield (from r=0.58 to r=0.84; [1] [2] [3]).  
The meat quality of the loin is also well known 
in the fresh meat context, but studies focusing on 
its suitability for the processed meat industry are 
not frequent. In a previous work, Vautier et al. [3] 
have studied the relationship between the 
cooking yield of loins and meat quality 
parameters such as ultimate pH or color. 
Cooking yield was found to be highly correlated 
with ultimate pH (r=0.70) and visible 
spectroscopy appeared to be a pH alternative 
candidate for the prediction of the meat quality 
of the loin on the cutting line. The objective of 
this study was to confirm determinant meat 
quality parameters for processed loins, including 
the conductance and early post mortem 
measurements, and to test the accuracy of a 
visible+NIR spectroscopy calibration for 
cooking yield prediction. Slicing yields were 
analyzed focusing on structure defects.     
 
II. MATERIALS AND METHODS 
 
Eighty carcasses from Piétrain Sire pigs were 
randomly selected at the slaughterhouse (day 0, 
D0). pH (pH1) and conductance (cond1) were 
measured on line at 30 minutes post mortem on 
the Longissimus muscle (last thoracic vertebrae) 
with a Sydel pH-meter equipped with a Mettler 
Toledo Lot406 electrode, and a Matthäus LF-
Star, respectively. Core temperature of the 
Longissimus muscle (T30) was registered just 
before entering the chilling tunnel and an ear 
sampling was performed at that time to 
determine the halothane genotype with DNA test 
[4]. After deboning and trimming, bacon-style 
loins were transferred to our cutting room where 
a meat quality mapping was performed at a 
minimum of 24 hours post mortem (D1). 
Eighteen ultimate pH measurements were 
practiced from cranial to caudal end, in two rows 
(medial and lateral), every 5 cm with the help of 
a grid. Meat color was measured at both cranial 
(4th thoracic vertebrae) and caudal end (last 
lumbar vertebrae) of the loin with a Konica-
Minolta Cr-300 (D65 illuminant), and 
conductance was also measured at the last 
thoracic vertebrae level (Cond24). Visible + 
Near InfraRed Spectroscopy (NIRS) was 
performed on 9 Longissimus sites, every 5cm in 
a single central row with an ASDI Labspec 5000 
(350-1800 nm). A two way optic fiber probe (7 
mm diameter, insertion probe) was used to 
practice NIRS acquisitions at the center of the 
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muscle in the same axis than the loin main axis. 
At D2, loins were transported to a meat 
processing company that was in charge of the 
“Rôti Cuit Supérieur” processing (no phosphate 
or carraghenan allowed). Loins were 
individually processed following the same 
protocol than described by Vautier et al. [3]. 
Cooking yield was recorded and slicing yield 
was individually measured at the IFIP laboratory 
focusing on the two major defects of the 
processed loins, the “paste-like” and “cohesion” 
defect of slices. The slices ordering was 
maintained allowing anatomic evaluation of 
defects for the processed loins, from cranial to 
caudal end. 
Relationship between meat quality parameters 
(pH, temperature, conductance, color) and 
cooking and slicing yields was estimated with 
the SAS software, using the REG and the FREQ 
procedures. Chemometric data analyses were 
performed on visible+NIR spectrums with the 
7.8.0 version of Matlab (R2009a) and using the 
Saisir package (http://easy-chemometrics.fr). 
CROSSPLS and BASIC_PLS procedures were 
used to determine prediction models of the 
cooking yield. Fifty six loins were randomly 
selected to build the calibration sample and to 
determine the number of PLS factors by cross 
validation (70/30 calibration/cross validation 
ratio). The remaining loins (n=24) were used to 
evaluate the accuracy of the prediction by 
external validation.    
 
III. RESULTS AND DISCUSSION 
 
Cooking yields are lower than previous results 
with a similar protocol [3] (89.6% vs 93.8%, 
respectively, table 1). The ultimate pH (pH24) 
level explains in itself the yield difference (5.47 
vs 5.61) and confirms that the process was 
performed following standard settings. Cohesion 
defect rate is very high (63%) but its 
consequence on taste is far less important than 
the effect of paste-like defect (30%) (figure 1). 
Table 1: overall meat quality results 
n=80 m sd 
T30 (°c) 38.1 1.1 
pH1 6.34 0.19 
Cond1(mS/cm) 3.68 0.40 
pH24 5.47 0.15 
Cond24(mS/cm) 7.52 2.74 
Cooking Yield (%) 89.6 3.7 
Slices with cohesion defect (%) 63 37 
Slices with paste-like defect (%) 27 28 
Figure 1: paste-like defect (left) and cohesion 




Ultimate pH results show limited anatomic 
variations considering the size of the entire 
Longissimus muscle (+/-0.10 except pH value 
n°2 from Spinalis Thoracis, table 2). pH 
values are very close within a 10 cm distance 
(+/-0.02) that indicates a lower site precision is 
needed to measure the ultimate pH of loin. On 
the other hand, pH mapping of the ham’s 
Semimembranosus presented strong anatomic 
differences in a previous study [5] and needs a 
higher precision when measuring (+/-0.13 
within 5cm at the reference site). The 
relationship between ultimate pH and the 
cooking yield is very close with a high 
correlation level (from r=0.60 to r=0.69, 
except pH n°2), confirming previous results on 
processed loin (r=0.70) [3].    
Table 2: ultimate pH mapping of the loin and 
correlation with cooking yield (n=80) 
 
site m Corr./cooking yield Site m 
Corr./cooking 
yield 
1 5.53 0.69 2 5.58 0.30 
3 5.51 0.69 4 5.52 0.62 
5 5.48 0.68 6 5.52 0.66 
7 5.47 0.64 8 5.53 0.67 
9 5.46 0.69 10 5.53 0.63 
11 5.46 0.66 12 5.54 0.61 
13 5.48 0.61 14 5.54 0.60 
15 5.52 0.60 16 5.56 0.65 
17 5.55 0.61 18 5.55 0.61 




Correlation between ultimate pH alternatives 
and the cooking yield showed lower levels 
(table 3). Conductance (30 min. or 24 hours 
post mortem) seems not to be an accurate 
predictor of the cooking yield but L*value 
may be a second choice predictor after 
ultimate pH (from r=0.41 to r=0.55) 
confirming previous results [3].  
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Table 3: linear regression results for the prediction 
of the cooking yield 
 
 












L* 4th thoracic v. 0.55 
L* Last lumbar v. 0.41 
 
 
External validations of PLS based predictions 
of the cooking yield using visible+NIR 
spectroscopy pattern show contrasting results 
(table 4). Somehow, the best results are similar 
to those obtained with a pH based prediction. 
Spectrums taken at the caudal end of the 
Longissimus gives the highest correlation level 
(r=0.65, figure 2). The external validation 
error is high (2.9) considering the standard 
deviation of cooking yield (3.7), but the 
correlation is better than other pH-alternatives 
like the muscle L*value (r=0.55, table 5). 
These data are in agreement with external 
validation results obtained previously for the 
prediction of the cooking yield of “jambon cuit 
supérieur” cooked ham by visible+NIR 
spectroscopy (r=0.82, rmsep=1.62) [6]. 
Table 4: PLS regression results for visible+NIRS 



















C 0.26 3 3.8 0.28 3.7 
D 0.09 1 3.8 - - 
E 0.66 6 3.5 0.26 3.7 
F 0.05 1 3.8 - - 
G 0.08 1 3.8 - - 
H 0.02 1 3.9 - - 
I 0.29 3 3.9 0.31 3.6 
J 0.78 9 3.8 0.65 2.9 
K 0.15 4 3.9 0.49 3.3 
  
 
Subjective notation of the cooked loins defects 
after slicing reveals specific anatomic 
occurrences. The cohesion defect is more 
frequent in the caudal part of the loin and the 
paste-like defect shows its highest rate in both 
caudal and especially cranial end of the loin 
(table 5).  
Figure 2: Longissimus external validation results 
for the prediction of the cooking yield by visible+ 









Slices with  
paste-like defect 
(%) 
Slices with  
cohesion defect  
(%) 
C 40 35 
D 49 48 
E 41 49 
F 26 59 
G 11 71 
H 11 74 
I 17 70 
J 27 72 
K 26 69 
 
 
The halothane genotype is not considered, in 
this experiment, as a major risk factor for both 
paste-like and cohesion defect (table 6). None 
of the meat quality parameters tested here 
(pH1, pH24, cond1, cond24, L*) have shown a 
significant relationship with the paste-like 
defect rate (table 7).  








n=  22 58  
Paste-like defect (%) 23 28 ns 
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Table 7: paste-like defect rate by meat quality class 
(pH1 and pH24) 
 





< 6.0 2 15 
ns 6.0 <  pH< 6.3 33 29 
> 6.3 45 26 
pH24 
< 5.4 22 25 
ns 
5.4 < pH < 5.5 31 25 
5.5 < pH < 5.6 16 38 





This study focusing on the meat quality of loin 
for an industrial processing purpose confirms 
that the ultimate pH is considered as the best 
predictor of the cooking yield (r=0.65). Its 
measurement on the Longissimus needs a far less 
precise site than the precision needed to measure 
the ultimate pH in the ham (Semimembranosus). 
Early post mortem meat quality parameters (pH1, 
T30, cond1) show lower correlation level with 
cooking yield (r=0.01 to r=0.39). The 
visible+NIR spectroscopy practiced in the 
caudal part of the Longissimus  gave good 
external validation results (r=0.65) and confirms 
results obtained previously for the prediction of 
the cooking yield of ham. This technique could 
probably be improved with the help of a 
dedicated probe with a larger optic window than 
the actual insertion probe. The “paste-like” 
slicing defect is not related to meat quality 
parameters or halothane genotype. Histological 
studies may help to understand its occurrence 
and specific anatomical localization on the loin. 
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Abstract – To evaluate changes in the 
fragmentation index and shear force of lamb meat, 
maturated for seven days, 48 lambs were used 
without defined breed, neutered, with an average 
weight of 15kg. The animals were slaughtered 
with 32kg and, approximated, five months. It was 
used a completely randomized design (CRD) in 
2x2x2 factorial arrangement with two maturation 
times (0 and 7 days), two muscles (Triceps brachii 
and Gluteos biceps) and supplemented animals 
(0.7% of body weight) and not supplemented. The 
results were subjected to analysis of variance and, 
if significant, compared by Tukey test at 5%. The 
shear force decreased from 3.45 kgf/cm² to 2.74 
kgf/cm² and myofribrillar fragmentation index 
increased from 115.04 to 139.78, both when meat 
was maturated for seven days, showing that 




Maturation is a process that occurs after the rigor 
mortis and consists of natural changes which 
occur in the meat during storage, involving the 
effect of temperature and storage period at 
temperatures close to 0° C. This process can 
cause changes in the organoleptic characteristics 
of the meat [1]. This, results the softening of the 
meat and the appearance of flavor and smells, 
important and desirable to the consumer while 
purchasing the product [2]. Meat from sheep 
features constant speed of maturation (k) 0.21 / 
day, reaching 80% maturity I 7.7 days and a 
temperature of 10º C. However, the meat of 
cattle has k = 0.17 / day, 9.5 days needed for the 
same maturation state. 
 
II. MATERIALS AND METHODS 
 
Triceps brachii and Glúteos biceps muscles from 
48 lambs, without defined breed (SPRD), non-
castrated , acquired with an average weight of 15 
kg and approximately four months of age were 
used . The animals were raised in a Tifton 85 
forage [Cynodonnlemfluensis Vanderyst      
ynodondactylon x ( L ) Pers], with residual leaf 
area index of 2.6. The lambs were kept overnight 
in individual stalls when then received 
supplemental feeding referring to 0.7% of their 
body weight. A protein-energy concentrate with 
18% crude protein, containing ground whole 
corn, cottonseed meal and mineral premix was 
used. Upon reaching an average weight of 32 kg 
and approximately five months, confinement 
were fasted solid diet and water for 16 hours. 
Later, they were stunned electronarcosis 220V 
for 8 seconds being severed the jugular veins 
and carotid arteries for bleeding, according to 
procedures that characterize the humane 
slaughter [3]. After the process of slaughter, the 
carcasses were weighed and chilled in the 
refrigerator at 4° C for 24 hours. After 24 hours 
post - mortem , muscle Triceps brachii and 
Glúteus biceps of the right half carcass were 
removed, identified , vacuum packed and aged at 
temperatures of 0 ± 1 ° C for seven days. 
Analysis of shear force and fragmentation index 
were performed before (control) and after the 
maturation process. To determine the shear force, 
the samples were previously baked in a 
preheated 175°C kiln, until the temperature at 
the geometric center of the samples, monitored 
by a thermocouple, reached 75°C. Sub-samples 
with 1.27cm of diameter were taken and 
subjected to cutting; a texturometer "Texture 
Analyzer model TA- XT2i" coupled to "Warner- 
Bratzler device" was used. Myofibrillar of 
fragmentation index was determined according 
Culler et al. [4]. 
 
III. RESULTS AND DISCUSSION 
 
The results for the fragmentation index and shear 
force are shown in table 1. 
It is observed that the maturation increases mean 
values of MFI, being a characteristic of 
proteolytic processing of the meat, and reduces 
the shear force of the samples, indicating the 
softness after the maturation for seven days. 
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Table 1 Averages of the effects of maturation, 
muscles and feed supplementation in qualitative 
analyzes of myofibrillar fragmentation index (MFI) 
and shear force (SF) 
 
 MFI SF (kgf/cm²) 
Maturation (M) 
No maturation 115.04 B 3.45 A 
Maturation for 7 days 139.78 A 2.74 B 
P-value (M) 0.0016 0.0002 
Muscle (MS) 
Triceps Brachii 102.27 B 2.77 B 
Gluteos biceps 152.55 A 3.42 A 
P-value (MS) <0.0001 0.0006 
Supplementation (S) 
0 % PV 136.94 A 3.00 
0.7 % PV 117.88 B 3.18 
P-value (S) 0.0118 0.2845 
P-value (MxMS) 0.0253 0.0302 
P-value (MxS) 0.1184 0.2013 
CV (%) 15.62 15.08 
 
Means followed by different letters in the column differ at 
5% probability. CV = coefficient of variation 
 
Still, the Triceps brachii presented softer than 
the shank and non-supplemented animals present 
higher MFIs (136.94) than those supplemented 
(117.88). It wasn’t observed a significant 
influence of supplementation in shear force. 
Pinheiro et al. [5] found a value of shear force of 
2.00 kgf / cm ² for lambs. This amount is closer 
to that found in this study, which was 2.77 
kgf/cm². According to the breakdown table 
(Table 2), it is observed that the Triceps brachii 
has a increased MFI and the shear sorce of the 
Gluteos biceps decreased after seven days of 
maturation. Therefore, maturation was only 
effective for muscle Triceps brachii, not 
interfering in the MFI of the Gluteos biceps. 
Gonçalves et al. [6] explain that when the values 
for shear force are already low , featuring a soft 
flesh , the influence of the maturation process is 
imperceptible. No influence of supplementation 
on HR was observed only for the MFI. 
 
 
Table 2 Breakdown of the interaction between 
maturation and muscles for variables myofibrillar 
fragmentation index (MFI) and shear force 
 
IFM 
Maturation Triceps brachii Gluteos biceps 
No maturation 81.54 Bb 148.53 Aa 
Maturation for  7 days 
 
122.99 Ab 156.58 Aa 
FC 
No maturation 2.942 Ab 3.96 Aa 
Maturation for  7 days 2.605 Aa 2.871 Ba 
 
Means followed by different lowercase and uppercase 




The maturation of lamb meat for seven days 
provides an increase of the myofibrillar index 
fragmentation (MFI) probably causing the 
softness of the meat and a posterior shear force 
decrease. The different muscle groups show 
different behavior during maturation. 
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Abstract – The objective of this study was to 
evaluate the behavior of tenderness in the main 
carcass cuts broiler (breast, thigh and drumstick) 
in six months under freezing. Were collected 120 
Cobb broilers carcasses from the creation of 
organic system, with slaughter age of 45 days. The 
analyzes to determine the tenderness of meat were 
made in refrigerated carcasses and after 3 and 6 
months frozen storage. Was analyzed shear force 
and myofibril fragmentation index in the meat of 
breast, drumstick and thigh of organic broilers 
carcasses. This study used a randomized design 
(periods of storage – 0, 3 and 6 mouths frozen) with 
40 repetitions. The values obtained for shear force 
decrease breast, thigh and drumstick of meat from 
carcasses refrigerated to frozen meat from 
carcasses. And the values obtained for the 
myofibrillar fragmentation index increase with 
prolonged storage. This indicates that the freezing 
provided more tender meat. The carcasses of 
broilers reared on organic system and stored for six 
months under freezing, provided for the breast, 





The quest of the population of healthy foods, with 
different quality and sensory characteristics has 
made consumers become more and more 
demanding for the products available in the 
market, among them, of animal origin, as well as 
chicken. An organic diet can bring more benefits 
to human health than a conventional diet is one of 
the research challenges of the new millennium. It 
is known that there is a decrease in total 
productivity in the organic system, for most crops, 
notably in the transition period. The poultry 
production in organic system in Brazil meets 
Instruction no.7, the Ministry of Agriculture - 
MAPA [1], where birds are raised in the pasture 
area with low density and feed containing 
certified organic plant ingredients and must not 
receive chemotherapeutic products. Management 
of agribusiness sectors involved with the broilers’ 
meat and improvement in the supply chain, 
particularly with regard to the high standard of 
freezing processes and logistics in marketing this 
product [5]. In the preservation of poultry meat, 
the freezing process is a fundamental  for a 
natural and practically prevent the development 
of harmful microorganisms, delaying undesirable 
chemical reactions, preserve the physical 
structure unchanged, allow transport to remote 
areas and ensure health care resource in food 
handling. The process of preservation through 
freezing can physically change the poultry meat 
promoting changes in various components [6]. 
The objective of this study was to evaluate the 
behavior of tenderness in the main carcass cuts 
broiler (breast, thigh and drumstick) in six 
months under freezing. 
 
II. MATERIALS AND METHODS 
 
In slaughterhouses meat production on a 
commercial scale, were collected 120 Cobb 
broilers carcasses from the creation of organic 
system, with slaughter age of 45 days. These 
poultry’s were fed diets with certified organic 
ingredients (corn and soybean meal), without 
animal ingredients and without antibiotics. After 
collection, carcasses were sent to the Laboratory 
of Technology of Animal Products Department of 
Technology of São Paulo State University, 
maintaining the cold chain, for meat tenderness 
tests. 40 carcasses were analyzed on the day of 
collection, considered as refrigerated carcasses. 
The other 80 carcasses were brought in the 
freezing tunnel, where 40 were analyzed after 
three months frozen storage and the other 40 after 
6 months frozen storage. The analyzes to 
determine the tenderness of meat were made in 
refrigerated carcasses and after 3 and 6 months 
frozen storage. Was analyzed shear force and 
myofibril fragmentation index in the meat of 
breast, drumstick and thigh of organic broilers 
carcasses. 
The shear force (SF) was determined on 
samples previously boiled in a water bath for 30 
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minutes (85°C) and cut into approximately 
1,5cm² area strips. Samples were submitted to 
texturometer Texture Analyzer TA-XT2i cut, 
coupled to Warner-Bratzler device, with fibers 
disposed perpendicularly to the machine blade, 
which expressed the strength required to shear 
sample kgf/cm2 [4]. The myofibril 
fragmentation index of the meat was 
determined by CULLER et al. [2]. The sample 
was minced with a scalpel, removing any 
visible fat or connective tissue and were 
homogenized with 30 mL of extraction solution 
containing 100 mM KCl, 20 mM potassium 
phosphate, 1 mM EDTA, 1 mM MgCl2 and 1 
mM sodium azide. Then, the homogenized 
solution was centrifuged for 15 minutes at 
15,000 rpm at 4 ° C and the suspension of 
myofibrils the protein concentration by Biuret 
method described by GORNALL [3] was 
determined. An aliquot of the suspension of 
myofibrils was diluted with extraction solution 
to a protein concentration of 0.5 ± 0.05 mg / mL, 
was stirred and placed in the bucket and made 
reading the optical density at 540 nm in a 
spectrophotometer. This study used a 
randomized design (periods of storage – 0, 3 
and 6 mouths forzen) with 40 repetitions each 
broilers organic system, and the results were 
submitted to analysis of variance using the 
GLM Procedure of SAS operating system [7] 
and means were compared by Tukey test at 5% 
significance. 
 
III. RESULTS AND DISCUSSION 
 
The results obtained shear force and myofibril 
fragmentation index in the meat of breast of 
organic broilers carcasses are shown in Table 1. 
It is possible to observe that there was no 
statistical difference for the analysis of breast 
meat tenderness in broilers. The breast meat only 
from refrigerated carcasses were less tender 
compared with the breast meat carcasses frozen 
for a period of three and six months of storage. 
The values obtained for shear force decrease 
breast meat from carcasses refrigerated to frozen 
meat from carcasses. And the values obtained for 
the myofibrillar fragmentation index increase 
with prolonged storage. This indicates that the 




Table 1 Mean values for shear force (SF) and 
myofibril fragmentation index (MFI) of breast meat 
from organic system broilers 
 
 SF MFI 
Refrigerated 1.864 A 73.72 C 
3 months frozen storage 1.446 B 188.12 B 
6 months frozen storage 1.587 B 251.05 A 
P-value 0.003 <0.0001 
CV(%) 9.13 6.50 
 
For a given factor, means followed by distinct letters differ 
according to Tukey test. (P<0.05); (P<0.01). The following 
abbreviations are used CV, coefficient of variation 
 
The results obtained shear force and myofibril 
fragmentation index in the meat of thigh of 
organic broilers carcasses are shown in Table 2. 
 
Table 2 Mean values for shear force (SF) and 
myofibril fragmentation index (MFI) of thigh meat 
from organic system broilers 
 
 SF MFI 
Refrigerated 2.324 A 54.96 C 
3 months frozen storage 1.454 B 122.217 B 
6 months frozen storage 1.641 B 248.960 A 
P-value <0.0001 <0.0001 
CV(%) 10.26 5.61 
 
For a given factor, means followed by distinct letters differ 
according to Tukey test. (P < 0.05); (P < 0.01). The following 
abbreviations are used CV, coefficient of variation.  
 
It is possible to observe according to Table 2, the 
thigh meat carcasses studied showed the same 
behavior of the breast in relation analyzes verify 
the tenderness studied. 
The results obtained shear force and myofibril 
fragmentation index in the meat of drumstick of 
organic broilers carcasses are shown in Table 3. 
 
Table 3 Mean values for shear force (SF) and 
myofibril fragmentation index (MFI) of drumstick 
meat from organic system broilers 
 
 SF MFI 
Refrigerated 2.849 A 59.64 C 
3 months frozen storage 1.520 B 117.25 B 
6 months frozen storage 1.281 C 196.14 A 
P-value <0.0001 <0.0001 
CV(%) 5.36 7.05 
 
For a given factor, means followed by distinct letters differ 
according to Tukey test. (P < 0.05); (P < 0.01). The following 
abbreviations are used CV, coefficient of variation.  
 
The variation in tenderness can be a problem 
detected in the meat because the hard flesh can 
pass to the final consumer the impression of an 
older animal. Additionally, the storage process 
studied in this work, the freezing, can physically 
change the quality of the meat. 
                       488
60th International Congress of Meat Science and Technology, 17-22rd August 2014, Punta del Este, Uruguay 
 
More the freezing can increase food preservation 
for an extended time. In breast meat, drumstick 
and thigh of broilers reared under organic system 
and stored, it was observed that the freezing 





The freezing for up to six months favors the 
increase of tenderness in breast, thigh and 
drumstick meat from broilers reared in organic 
system. 
                                        
ACKNOWLEDGEMENTS 
 
To Foundation for Research Support of the State of 
São Paulo (FAPESP) for the support provided (case 
number 2012/10276-0) and Korin Agriculture for their 




1. Brasil. (1999). Instrução Normativa n.º 7, de 17 
de maio. Ministério da Agricultura, Pecuária e 
Abastecimento.  
2. Culler, R. D. (1978). Relationship of myofibril 
fragmentation index to certain chemical, 
physical and sensory characteristics of bovine 
longissimus muscle. Journal Food Science. 
43:1177-1180. 
3. Gornall, A. G. et al. (1949). Determination of 
serum protein by means of the biuret reaction. 
Journal Biology Chemical. 177:751-766. 
4. Lyon, C. E. et al. (1998). Effects of carcass 
stimulation, deboning time, and marination on 
color and texture of broiler breast meat. Journal 
of Applied Poultry Research. 7:53-60. 
5. Vieira, E. T. T. (2007). Influência no Processo 
de Congelamento na Qualidade do Peito de 
Frango. Universidade Regional Integrada do 
Alto Uruguai e das Missões. URI. Dissertação 
de Mestrado em Engenharia de Alimentos. 
Available in: 
<http://www.uricer.edu.br/cursos/arq_trabalhos
_usuario/569.pdf>. Accessed in april 18, 2011. 
6. Souza, G.C. (2007). Detecção de 
Betalactamases de Expectro Expandido (ESBL) 
em Cepas de Coliformes Isoladas da Carne de 
Frango Comercializada na Cidade de Fortaleza, 
Ceará. Universidade Federal do Ceará. 
Dissertação de Mestrado em Tecnologia dos 




492&id=36772019>. Accessed in may 25, 2011. 
7. SAS Institute. (2002). SAS user’s guide: 
statistics. Release 8.02. Cary. 
                       489
60th International Congress of Meat Science and Technology, 17-22nd August 2014, Punta Del Este, Uruguay 
EFFECTS OF ELECTRICAL STIMULATION AND PRE-RIGOR 
CONDITIONING TEMPERATURE ON AGEING POTENTIAL OF HOT-
BONED BEEF MUSCLE 
 
Prabhu Balan1*, Yuan H. Brad Kim2, Adam Stuart1, Robert Kemp1 and Mustafa M. Farouk1 
 
1AgResearch Ltd, Ruakura Research Centre, Hamilton, New Zealand 
2AgMuscle Biology Lab, Department of Animal Sciences, Purdue University, West Lafayette, Indiana, USA 
 *Prabhu.Balan@agresearch.co.nz 
 
Abstract – The objective of this study was to 
determine the impact of 3 hrs pre-rigor holding 
temperatures and low voltage electrical stimulation 
(ES), on the activities of small heat shock proteins 
(sHSP) and µ-calpain and tenderness of bull beef. 
Paired loins (M. longissimus lumborum) from 13 bulls 
were hot-boned within 40 min of slaughter, 
immediately electrically stimulated and subjected to 
various holding temperatures (5°C, 15°C, 25°C and 
35°C) for 3 hrs and the rate of muscle pH decline, 
sarcomere length, shear force, and proteolysis of 
muscle proteins were measured. ES-35°C and ES-
25°C samples had lower shear force value at 14 days 
of ageing when compared to other samples. The 
combination of ES and pre-rigor holding temperature 
(25°C) resulted in longer sarcomere length compared 
to non-ES. µ-Calpain activity – as indicated by 
autolysis – was highest in ES-35°C samples. Desmin, 
troponin-T and sHSP degradation were highest for 
ES-35°C samples. The results of this study show that 
the combination of ES with 3 hrs pre-rigor holding 
temperature at 35°C improved the tenderness of bull 
beef. 
 
Key Words – electrical stimulation, meat quality, pre-





Meat tenderness is one of the most important 
quality attributes affecting consumers’ eating 
satisfaction and repeated purchasing decision. 
Varying pre-rigor environments generated by the 
application of electrical stimulation and/or pre-
rigor chilling conditions influence the rate of 
glycolysis and subsequent pH decline in post-
mortem muscles (1). The complex interaction of pH 
and temperature decline in pre-rigor muscle has a 
significant role in meat tenderization by influencing 
proteolytic enzyme activity, particularly µ-calpain 
(1). The combined effect of low voltage electrical 
stimulation (ES) with pre-rigor temperature 
conditioning at 30°C for 3 hrs post-mortem resulted 
in the fastest pH drop to 6.0 compared to at 2 and 
16°C (2). 
The specific role of small heat shock proteins 
(sHSP) in ante mortem cell system has been well 
studied (3); however, their role in post-mortem 
protein degradation and meat quality has not been 
fully elucidated. It was speculated in recent studies 
that the up-regulation of sHSP in muscle may be 
associated with a decrease in the ageing-potential 
of intermediate pHu (ultimate pH between 5.8 to 
6.19) beef (3, 4). Also, intermediate pHu bull beef 
with the highest level of αβ-crystallin at 3 hrs post-
mortem, had the highest shear force values 
throughout 1 week of ageing (5). This suggests a 
possible involvement of sHSP in the meat 
tenderization process mainly early post-mortem. 
Hence, we hypothesize that the influence of pre-
rigor pH and temperature on ageing-potential of 
bull beef will depend on the presence of intact 
sHSP and µ-calpain activity. To our knowledge, the 
effects of sHSP coupled with µ-calpain under 
various pH/temperature conditions of early post-
mortem beef have never been examined. This study 
was designed to determine the impact of pre-rigor 
pH/temperature on the activities of sHSP and µ-
calpain and the ageing-potential of bull beef. 
 
 
II. MATERIALS AND METHODS 
 
Raw materials and processing 
Thirteen bulls ~ 24-month old) were slaughtered at 
the AgResearch Ruakura Abattoir, Hamilton, New 
Zealand over five slaughter days. All the bulls were 
captive bolt stunned pre-slaughter. No electrical 
inputs (immobilization or electrical stimulation) 
were applied during the slaughter process in order 
not to confound the effect of ES. Initial pH (pH40min) 
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was recorded and the M. longissimus lumborum 
(LL) from the left side of the carcass was 
immediately stimulated, ES for 30 seconds after 
hot-boning (frequency = 14.28 Hz, pulse width = 
7.5 milliseconds, peak voltage = 90 volts). 
Immediately after stimulation, pH was recorded 
once again. The LL from the right side of the 
carcass was not electrically stimulated (NES). Each 
LL was cut transversely into quarters of 
approximately equal sizes, each sub-sample was 
placed in a plastic bag and randomly subjected to 
one of four pre-rigor holding temperatures by  
submerged in either a 5°C, 15°C, 25°C or 35°C 
water baths for 3hrs. A temperature thermocouple 
was inserted into each loin section to monitor 
continuous drop in temperature. At the end of 3 hrs 
of holding temperature, the muscle samples were 
taken from the plastic bags, pH measured, and 
further sampled for biochemical analysis (sHSP 
and calpains). The samples were transferred to the 
AgResearch laboratory where they were vacuum 
packed and aged at 1°C for 24, 48 hrs, and 14 days 
post-mortem. Muscle samples for biochemical 
analyses and sarcomere length were taken at 24 and 
48 hrs post-mortem, respectively.  
 
pH 
pH of the loin samples was measured in duplicate 
by inserting a calibrated pH probe (Hanna HI99163 
pH meter with a FC232D combined pH/ 
temperature probe, HANNA instruments, Rhode 
Island, USA) directly into the muscle at 40 min 
(before and after stimulation), 3 hrs, 6 hrs, 24 hrs, 
48 hrs and 2 weeks post-mortem, respectively. 
 
Sarcomere length measurement 
The 48 hrs post-mortem samples (approximately 1 
g) for sarcomere length were chopped finely and 
placed into a new centrifuge tube and to this 10ml 
of 0.25M sucrose (85.57g/L) were added.  Samples 
were then homogenized using the Ultra-Turrax T25 
at 8000 rpm for 10 pulses. Sarcomere lengths were 
measured under a phase contrast microscope and 
images taken for analysis. Ten pictures were taken 
with at least 10 sarcomeres present in each picture 
(6). 
 
Shear force  
The loin cuts were cooked in a water bath set at 
99°C to an internal temperature of 75°C (measured 
by 12 channel Digisense Thermocouple 
Thermometer). After cooling, 10 mm x 10 mm 
cross section samples were cut and sheared using 
MIRINZ Tenderometer. Ten replicates were 
measured for each sample. The results were 
expressed as shear force (kgF) (4). 
 
Western blot 
Whole muscle protein extraction, gel sample 
preparation and Western blotting (desmin, 
troponin-T, µ calpain, sHSP [αβ-crystallin sHSP20, 
sHSP20] and HSP70) were performed as described 
previously (4, 7). 
 
Data analysis 
All statistical analysis was performed using the 
REML directive of GenStat (8). The pH fall was 
analyzed using ANOVA where the animal (beef) 
ID and side of the carcass was included as blocking 
variables including all possible two-way and three-
way interactions. Shear force and sarcomere length 
were analyzed using ANOVA with sample ID 
included as a blocking variable and temperature, 
ES and their interaction as explanatory variables. 
Least squares means for each attribute were 
separated using least significant differences (F test, 
P < 0.05). 
 
 
III. RESULTS AND DISCUSSION 
 
pH decline 
ES resulted in an immediate fall in pH as expected 
(Table 1) probably due to accelerated glycolysis (9). 
Muscle pH declined soon after electrical 
stimulation (∆pH 0.43 pH), and continued until the 
ultimate pH was reached. The rate of pH decline 
reached ∆pH 1.37 pH units at 220 min post-mortem 
for ES-35°C samples and continued to be low when 
compared to the rest of the samples. This 
observation corroborates earlier findings (2).  
 
Sarcomere length 
Sarcomere length measured at 48 hrs post-mortem 
was significantly influenced by both electrical 
stimulation and pre-rigor holding temperature 
(Table 2). Sarcomere length was longer for ES-
25°C and ES-35°C samples compared to the other 
samples (P < 0.05). The 5°C samples cold 
shortened probably due to rapid temperature 
decline pre-rigor (10). Also, these samples had 
higher shear force values (Table 2) and pH3h. 
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Similar findings were reported (11) in which strong 
associations between sarcomere length and shear 
force values were found.  
 
Shear force 
The ES treatment applied to the hot-boned loin 
samples resulted in lower shear values at 48 hrs 
post-mortem, when compared to the non-stimulated 
samples (Table 2). The 3 hrs pre-rigor holding 
temperature also had significant effect on the shear 
force values, where ES-35°C samples had most 
tender meat when compared to the other ES and 
NES counterparts. A similar trend was observed in 
the shear force values at 14 days post-mortem, 
where ES samples were significantly tender when 
compared to the NES samples. Similarly, ES-35°C 
and ES-25°C samples were significantly lower in 
the shear force values when compared to the other 
samples. This outcome is explained by the faster 
myofibrillar protein and sHSP degradation and the 
earlier activation of proteolytic enzyme such as µ-
calpain (presence of high 78 kDa), lesser 
expression of sHSP coupled with lesser expression 
of intact myofibrillar proteins (desmin and 
troponin-T) and longer sarcomere length, which 
altogether could have resulted in the lower shear 
force values in ES-35°C and ES-25°C samples 
when compared to the other samples (3, 5).  
 
Table 1 Effect of ES and pre-rigor holding temperature 
(for 3hrs) on rate of pH fall of bull beef LL samples. 
 
pH fall (average) 
Time post-
mortem 
ES   NES 
 
5°C 15°C 25°C 35°C 
 
5°C 15°C 25°C 35°C 
before ES 7.1 7.1 7.1 7.1 
 
7.2 7.2 7.2 7.2 
after ES 6.6 6.6 6.6 6.6 
 
7.2 7.2 7.2 7.2 
3 hrs 6.5 6.4 6.1 5.7 
 
7.1 7.0 6.9 6.2 
6 hrs 6.3 6.2 5.9 5.6 
 
6.8 6.7 6.8 5.8 
24 hrs 5.8 5.8 5.8 5.6 
 
6.2 6.0 6.0 5.7 
48 hrs 5.6 5.6 5.7 5.6 
 
5.7 5.6 5.6 5.6 
14 days  5.5 5.5 5.5 5.5   5.5 5.5 5.5 5.5 
ES – electrical stimulation; NES: non electrical stimulation, 
n=13; overall SED = 0.06. Treatment effect [ES vs NES] (P < 
0.001); temperature effect (P < 0.001); time effect (P < 0.001); 
Interaction effects [Treatment.Temperature (P = 0.22)]; 
[Treatment.Time (P < 0.001)] [Temperature.Time (P < 0.001)] 


















Figure1. Representative Western blot depicting (A) µ-calpain, 
(B) desmin, (C) troponin-t, (D) αβ-crystallin (E) sHSP20, (F) 
sHSP27 of whole muscle extraction of the beef loins. ES = 
electrical stimulation, NES = Non electrical stimulation, pm = 
post-mortem, 80 = 80kDa, 78 = 78kDa, 76 = 76kDa, In = intact 
bands, De = degraded bands. 
 
Table 2 Effect of ES and pre-rigor holding temperature 
(for 3hrs) methods on shear force and sarcomere length 






5°C 15°C 25°C 35°C   5°C 15°C 25°C 35°C 
SFA 21.4 18 15.3 12.6 
 
26.7 26.2 23.4 20.2 
SFB 17.1 14 9.6 8.7 
 
24.2 19.4 18.4 16.3 
SLC 1.3 1.4 1.7 1.7   1.2 1.4 1.5 1.6 
 
ES – electrical stimulation; NES – non electrical stimulation, 
n=13. AShear force (48 hrs); Treatment effect [ES vs NES] (P 
< 0.001); temperature effect (P = 0.001); Interaction effect (P 
= 0.30, SED = 1.24). BShear force (2 weeks). Treatment effect 
[ES vs NES]  (P < 0.001); temperature effect (P < 0.001); 
Interaction effect (P = 0.13, SED = 1.00).  CSarcomere length; 
Treatment effect [ES vs NES] (P < 0.001); temperature effect 
(P < 0.001); Interaction effect (P = 0.01, SED = 0.04). 
 
Myofibrillar protein and sHSP analysis 
Pre-rigor temperature (35°C) and ES influenced 
the µ-calpain autolysis, desmin, troponin-T, αβ-
crystallin, HSP20, HSP27 and HSP70 degradation 
based on the qualitative image analysis of the 
Western blot (data not shown). ES-35°C samples 
(at 24 hrs post-mortem) showed no 80kDa µ-
calpain subunit, but only intermediate (78 kDa) and 
fully autolyzed (76 kDa) µ-calpain sub-units 
indicating that calpain was activated in a faster rate 
when compared to the other treatments (Figure 1). 
ES 40 min pm NES 
24 hrs pm 
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Similarly, ES-35°C samples had less intact 
myofibrillar proteins and more degraded proteins 
(desmin and troponin-T) and less intact and more 
degraded sHSP (αβ-crystallin, HSP20, and HSP27) 
when compared to other samples (Figure 1). The 
extent of desmin and troponin-T degradation is 
well-known as an indicator of meat tenderization 
(12). This outcome is in agreement with a recent 
publication (4) in which a significant correlation 
between the degradation of sHSP and myofibrillar 
proteins in beef samples (degraded sHSP27 and 





The outcome of this study indicates holding pre-
rigor bovine muscle at 35°C for 3 hrs post-mortem 
resulted in early activation of µ-calpain, prevented 
sarcomere shortening, and degraded sHSP and 
myofibrillar proteins. In conclusion, this study 
demonstrated that holding pre-rigor bovine muscle 
at ES-25°C and ES-35°C for 3 hrs post-mortem 
accelerated the ageing of beef compared to at 5°C 
and 15°C. Further research studies are required to 
validate these findings in the commercial setting, 
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Abstract – Measurement of enzyme activity in 
exudate from meat was studied for the detection of 
freezing of pork meat. Citrate synthase and 
aconitase are released from mitochondria 
damaged by ice crystals. Whereas citrate synthase 
activity offers no reliable and significant 
differences between frozen and refrigerated pork, 
the aconitase activity proved to be a reliable 
marker of previous freezing of pork meat.  
 
I. INTRODUCTION 
The freezing of meat causes the loss of its fresh 
appearance, drip loss, and other changes that 
have negative effects on the sensory 
characteristics of the meat; such changes are 
greater than in meat stored at refrigeration 
temperatures [1][2]. Many methods were 
suggested for the detection of previously frozen 
meat [3][4][5], several of them focused on the 
damage of intracellular organelles by ice crystals 
that are formed during the freezing process. 
Some specific enzymes that are released from 
mitochondria can be detected and used as 
markers of freezing [6]. Such enzymes are 
β-hydroxyacyl CoA-dehydrogenase (HADH), 
N-acetyl-β-glucosaminidase [7], citrate synthase, 
aconitase [8] and other. 
In our earlier study on chicken meat [9][10], 
citrate synthase was not proved to be quite a 
reliable marker for the detection of freezing, 
whereas aconitase showed to be more suitable. 
Oxidation of unsaturated lipids leads to the 
formation of reactive malondialdehyde that 
could lower the activity of some enzymes [11]. 
In opposite to chicken meat pork and beef have 
lower content of polyunsaturated fatty acids that 
undergo oxidative changes, especially linoleic 
and arachidonic acid [12]. Thus it can be 
supposed that the enzyme activity will be less 
influenced by the oxidation products. Due to this 
reason we tested the use of aconitase and citrate 
synthase activity on pork to compare these two 
enzymatic methods and assess which one is 
more suitable for the distinguishing fresh and 
frozen pork. 
 
II. MATERIALS AND METHODS 
Material 
Pork m. longissimus lumborum et thoracis was 
cut into slices of approximate weight 150 g. 
Each slice was packed under vacuum in 
polyethylene foil. The samples were divided in 
two halves; one half was stored at 4 °C and the 
other at -22 °C. All refrigerated samples were 
stored until analysis; frozen samples were 
thawed in a refrigerator approximately 24 hours 
before measurement. 
For the repeatability of done experiments, a 
reproduced experiment was carried out. 
Methods 
The activity of enzymes was determined in the 
exudate of meat from both chilled and 
frozen/thawed meat. According to previous 
findings [9], the released exudate was filtered 
by syringe filters (CHS FilterPure Nylon 
Syringe Filter, 0.45 µm, 25 mm) and the total 
exudate amount was taken in account. 
Aconitase activity 
Aconitase activity was measured by the Spekol® 
1300 spectrophotometer (Analytik Jena AG, 
Germany) on the basis of absorbance changes 
induced by the production of NADPH, which is 
detected at the wavelength of 340 nm. NADPH 
is produced during a reaction in which the 
isocitric acid is oxidized by decarboxylation and 
α-ketoglutaric acid is formed. This reaction is 
preceded by the reversible isomerisation of citric 
acid via cis-aconitic acid as an intermediate. The 
activity of aconitase is directly proportional to 
the variance of absorbance value per minute.  
The released exudate from meat was diluted in 
ratio 1:9 and filtered. 200 µl of this prepared 
solution was pipetted to a cuvette and 200 µl of 
NADP, 200 µl of substrate and 200 µl of 
isocitrate dehydrogenase were added. The 
mixture was shook carefully to avoid bubbles 
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that might interfere during measuring and the 
reaction mixture was incubated in 
spectrophotometer at 37 °C for 15 minutes. After 
that, the measurement itself lasted 5 minutes. 
The interval of recording the absorbance was 
20 seconds. For each sample, three parallel 
measurements were done. 
 
Citrate synthase activity 
Citrate synthase catalyses the reaction of acetyl-
CoA and oxaloacetate to citrate and CoA-SH. 
This thiol reacts with added DTNB (5,5´-dithio-
bis(2-nitrobenzoic)) and forms CoA-S-S-TNB. 
The activity of citrate synthase is based on the 
absorbance of yellow product TNB (5-thio-2-
nitrobenzoic acid) at 412 nm. 
Samples were prepared as follow: 0.5 ml of 
exudate and 10 μl of bicine buffer 
(N,N-bis-(2-hydroxyethyl)-glycine) was mixed 
and diluted with demineralised water (1:9). 
Further the sample was tempered to laboratory 
temperature (25 °C) and 10 µl of DTNB, 10 µl 
of acetyl-CoA and 920 µl of a test solution for 
citrate synthase were added. 
First the endogenic activity was determined, 
when the sample was incubated for 
20 seconds. After that the measurement started 
and the absorbance was recorded every 
10 seconds for the total time of 90 seconds. 
Followed by the addition of 50 μl of 
oxaloacetic acid, once again the solution was 
incubated for 20 seconds and the absorbance 
was measured for another 90 seconds - the 
overall activity was estimated.  
 
Statistical analysis 
Measurements were performed three 
times for each sample. The data from the 
frozen and refrigerated meat were compared 
by the Student test (StatSoft CR, Prague, 
Czech Republic). The experiment was twice 
repeated. 
 
III. RESULTS AND DISCUSSION 
The goal of the study was to establish if 
specific enzymes of Krebs cycle that should 
only be present in exudates of thawed meat, and 
should therefore not be present in fresh meat 
can be used as a marker of freezing of meat.  
The frozen samples were measured to the day 
45, whereas chilled samples were measured 
only to the day 17; after this time pork meat 
started to decay. The activity of citrate 
synthase and aconitase should be zero for 
samples stored in a refrigerator; since they are 
intracellular enzymes they should be released 
only when the membrane of cells is disrupted 
[13]. However, non-zero activity for 




The measurement was done separately on two 
sets of samples (See Fig. 1). The values from 
first and second series closely correlated 
(r = 0.98). During refrigerated storage the 
activity values ranged between 3.5 and 8.0 
mU.ml-1. The duration of frozen storage 
showed an increasing trend of measured 
values from 25 to 40 mU.ml-1. 
The average error of measuring was 12 % for 
refrigerated samples and higher for samples 
stored under freezing conditions. Cut-off limit 
was set to the twice the amount of average 
value and as it could be seen in Fig. 1, none of 
the recorded values extended this limit. 
The statistical evaluation of the divergence 
between the two ways of storage was 
performed by the assessment of the normal 
value distribution of each type of storage. It 
showed that both sets had normal distribution 
(p < 0.003) and could therefore be used as one. 
Data were then subjected to Student t-test and 
according to the results it could be stated that 
the values of the aconitase activity between 
Fig.1. Aconitase activity during refrigeration and 
frozen storage of pork meat 
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refrigerated and frozen samples were 
statistically highly significantly different 
(p <<< 0.001). 
 
Citrate synthase 
The experiment with citrate synthase was 
carried out on the same samples as were for 
the aconitase. However first and second series 
did not demonstrated same results (r = 0.20) 
as for the aconitase (r = 0.98) (see above). The 
cut-off limit was similarly set to 
the twice the amount of mean citrate synthase 
value for unfrozen samples. As can be seen in 
tab. I, some of the samples might be falsely 
classified. The activity of citrate synthase for 
fresh samples ranged between 0.00 and 
1.35 U.ml-1, while for the frozen samples the 
values ranged from 0.2 to 2.4 U.ml-1. 
Results from first try-out were feasible to be 
distinguished with significance level 
p < 0.001, but in the second series the 
significance level decreased to p = 0.05. The 
biggest problem in classifying recorded values 
was the high measurement error that in some 
cases exceeded 100%; the mean measuring 
error for citrate synthase was 60.9%. 
 
Comparison of the methods 
Comparing both methods showed obvious 
higher measuring error for citrate synthase 
(60.9%) than for aconitase (12.1%). Activity 
values of citrate synthase for refrigerated 
samples exceeded the given cut-off limit and 
at the same time frozen samples did not come 
up to this limit. This fluctuation of values was 
not present for aconitase and the refrigerated 
and frozen samples could therefore be 
distinguished with higher significance level 
(p <<< 0.001).  
Compared to frequently published method, 
where the reference enzyme is β-hydroxyacyl-
CoA-dehydrogenase, the refrigerated and 
frozen samples can be distinguished by 
aconitase activity with higher significance 
level; the significance level for the use of 
HADH is lower than 0.001 [1] [16]. 
 
IV. CONCLUSION 
The measurement of the aconitase 
activity in exudate of meat proved to be a 
suitable method for distinguishing fresh and 
frozen/thawed pork meat. The difference 
between both storage modes was statistically 
highly significant (p <<< 0.001). The citrate 
synthase seems to be less suitable because of 
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Abstract –The aim of this study was to 
investigate the effect of heat shortening 
conditions on the eating quality of beef in the 
context of the Meat Standards Australia (MSA) 
pH/temperature window.  The effects of carcase 
suspension method and ageing period on beef 
eating quality were investigated.  Thirty two 
Charolais x Limousin cross heifers were 
assigned to two treatment groups using a split 
carcase alternate side design.  High voltage 
electrical stimulation (HVES) was applied for 
30s to the left hand sides of 16 carcases, the right 
hand sides of these carcases acting as non-
stimulated controls.  The left hand sides of the 
other 16 carcases received 60s of HVES, the 
right hand sides of these carcases also acting as 
non-stimulated controls.  pH/temperature 
declines were recorded post slaughter in the 
striploin muscle of every carcase side.  
Consumer taste panels were used to assess beef 
eating quality of striploin and topside cuts aged 
7 and 21 days.  Heat shortening conditions were 
achieved with both HVES treatments.  Control 
sides fell mostly within the MSA window.  
Although the eating quality of seven day aged 
beef was little affected by the rapid pH 
temperature decline, there was negligible 
improvement with subsequent ageing compared 
to unstimulated beef.   
 
 
I. INTRODUCTION  
 
The measurement of the rate of decline in 
muscle pH post-mortem is a feature of the 
Meat Standards Australia (MSA) grading 
system for beef [1, 2].  If rigor (at ~ pH 6.0) is 
achieved at high temperatures (> 35.0 oC) heat 
shortening may occur resulting in diminished 
meat quality and excessive drip.  If muscle pH 
is still above 6.0 at low temperatures (< 12.0 
oC), then cold shortening resulting in meat 
toughening can occur.  Avoiding the risk of 
heat and cold shortening is the basis of the 
MSA window whereby processors manipulate 
their stimulation/chilling regime to ensure 
carcases enter rigor between 12.0 and 35.0 oC.  
Electrical stimulation of carcases accelerates 
glycolysis, thereby decreasing the risk of cold-
shortening [3].  Although many studies report 
a positive effect of electrical stimulation on 
beef tenderness, over stimulation of carcases 
may contribute to heat induced toughness.  
Tenderness improvement can be achieved by 
employing various post-mortem treatments 
including ageing and aitch bone hanging 
(tenderstretch) [4]. 
 
The objective of this study was to determine 
the effect of electrical stimulation on 
pH/temperature decline in the context of the 
MSA window and how this might affect the 
eating quality of beef subjected to heat 
shortening conditions.  This was tested for 
three different meat cuts taken from carcase 
sides hung by the Achilles and Tenderstretch 
methods and aged for 7 and 21 days. 
 
II. MATERIALS AND METHODS  
 
The 32 animals chosen for this experiment 
were selected by the abattoir and comprised 
predominantly of 14 to 28 month old Charolais 
x Limousin continental crossbred heifers.  
Animals were not kept in lairage overnight and 
were clipped before slaughter.  After captive 
bolt stunning and exsanguination, the primary 
treatments comprised assigning the sides of 
each carcase to either HVES or no HVES.  
Two HVES treatments, 800V for either 30s or 
60s, were used on the stimulated sides of the 
two groups of 16 heifers.  The right and left 
sides of the split carcase were then 
alternatively suspended from the Achilles 
tendon (AT) or Tenderstretched (TS) before 
chilling using the plant’s normal chilling 
regime.  The pH and temperature of the centre 
of the M. longissimus dorsi (between the 2nd 
and 5th lumbar vertebrae) of both sides of each 
carcase were measured on entering the chill 
room using a calibrated polypropylene spear-
type gel electrode (Inonode IJ 44).  Subsequent 
measurements were taken every hour for 5 
hours and finally at 24 hours post mortem 
(ultimate pH).  Labelled primal joints were 
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boned out, vacuum packed, stored under chill 
conditions for 7 or 21 days, and prepared for 
sensory analysis by consumer panels.  Muscles 
assessed were the posterior (Post) and anterior 
(Ant) sections of the striploin (STR) and the 
topside (TOP).  Steaks from each muscle/cut 
were grilled to a well done state and each 
sampled by 10 consumers.  Consumers scored 
portions for tenderness (TE), juiciness (JU), 
flavour liking (FL), and overall liking (OL), by 
placing a mark on a 100mm line scale [5].  
Additionally, they were asked to assign a 
quality rating to each sample: “unsatisfactory, 
“satisfactory everyday quality”, “better than 
everyday quality” or “premium quality”.  A 
combined score (CMQ4) was obtained for 
each muscle and position within each muscle 
using the equation, CMQ4 = 0.4*TE + 0.1*JU 





III. RESULTS AND DISCUSSION  
 
The mean pH/temperature profiles within the 
striploins of the carcase sides (Fig.1) show that 
60s and 30s HVES electrical stimulation 
increased the rate of pH fall with respect to 
temperature and placed all of these carcase 




Fig. 1. Mean pH/temperature profiles of alternate carcase sides. 60s and 30s ES and No ES. 
 
Table 1 shows that there were highly 
significant (P<0.001) differences in all eating 
quality attributes for muscle type (STR Ant > 
STR Post > TOP); hanging method (TS > AT) 
and ageing period (21d > 7d).  Less significant 
differences were found for ES treatments (0s > 
30s > 60s) where ES for 30 or 60 seconds 
significantly and progressively decreased 
eating quality compared to controls.  
Interactions (P < 0.05) were found between 
stimulation and ageing period for tenderness 
and CMQ4 score.  In effect, tenderness and 
CMQ4 scores for 7 day aged controls were 
similar to 21 day aged 60s ES beef (Table 2). 
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Table 1. Effect of cut, hanging method, electrical stimulation and ageing time on consumer evaluation of grilled 
beef. 
Treatment Tender Juicy Flavour Overall Satisfaction CMQ4 
Cut     STR Ant 58.8 56.5 57.7 57.9 3.48 58.1 
          STR Post 52.2 50.1 53.4 52.8 3.27 52.4 
 TOP 33.9 38.4 41.5 39.6 2.83 37.5 
sig *** *** *** *** *** *** 
sed 1.42 1.41 1.26 1.22 1.232 0.44 
Hang          AT 44.5 46.4 48.4 47.1 3.10 46.2 
TS 52.1 50.3 53.3 53.1 3.28 52.4 
sig *** *** *** *** *** *** 
sed 1.64 1.40 1.13 1.28 0.443 1.33 
ES                 0s 51.3 50.9 52.7 52.4 3.27 51.9 
30s 48.1 47.4 50.7 49.8 3.19 49.0 
60s 45.6 46.7 49.3 48.1 3.12 47.1 
sig ** ** * * ** ** 
sed 1.77 1.49 1.39 1.54 1.525 0.05 
Ageing         7d 44.7 46.0 48.4 47.4 3.09 46.3 
21d 52.0 50.7 53.4 52.8 3.29 52.3 
sig *** *** *** *** *** *** 
sed 0.99 1.01 0.96 0.95 0.036 0.89 
Stim1.Aged1 * ns ns ns ns * 
 
Table 2. Interactions between electrical stimulation and ageing on consumer evaluation of grilled beef. 
Treatment Tender Juicy Flavour Overall Satisfaction CMQ4 
Stim1.Aged1 7d 21d 7d 21d 7d 21d 7d 21d 7d 21d 7d 21d 
0s 46.5 56.2 47.4 54.4 49.2 56.2 48.7 56.1 3.11 3.42 47.8 56.0 
30s 43.6 52.5 45.1 49.6 48.4 53.0 46.8 52.8 3.09 3.28 45.7 52.3 
60s 43.9 47.2 45.3 48.1 47.6 50.9 46.7 49.5 3.07 3.17 45.4 48.7 
sig * ns ns ns ns * 




Although HVES had little effect on eating 
quality of beef aged for 7 days, HVES had an 
adverse effect on consumer scores after 
prolonged ageing.  A possible explanation for 
the adverse effect of HVES electrical 
stimulation on eating quality is its apparent 
inhibitory effect on eating quality 
improvement during ageing compared to the 
controls.  This may be due to partial 
denaturation of the enzymes involved in 
proteolysis and ageing due to the rapid pH 
decline at high temperatures, but further 
research would be needed to confirm this.  The 
rationale behind the upper limit of the MSA 
pH / temperature window is therefore justified 
in that exceeding this is progressively 
detrimental to the normal improvement of 
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ABSTRACT - The current South African Beef 
Carcass Classification System uses age as only 
indicator of tenderness implying that optimal 
tender meat is achieved from carcasses from 
animals with no permanent teeth.  Research show 
that if considering modern technologies (use of 
beta-agonists, growth hormones and electrical 
stimulation amongst others), this is not 
necessarily true. We are searching for protein 
markers that are related to tenderness to use as 
tenderness predictors. Twenty IRENE feedlot 
Nguni animals with 0-teeth were slaughtered. 
Samples were collected from M. longissimus 
lumborum, snap frozen and stored at -80 °C until 
analyses. Soluble proteins were extracted using 
TES buffer followed by two-dimensional-gel-
electrophoresis. Results show that several 
proteins change in response to ageing but we are 
focusing on two examples; protein spot a which is 
absent at 1h post-mortem but as ageing progress 
the spots start to appear as seen in 3 and 14 d 
post-mortem and protein spot b showing high 
expression level of at 1 h post-mortem but little at 
3 and 14 d post-mortem.  These differential 
expressions corresponded with shear force and 
myofragment length measured at 3 and 14 d post-
mortem, sugesting that ageing because of 
proteolytic action (calpains and calpastatin 
system) could have caused the change.  
Keywords: Protein markers for tenderness; Nguni breed; 
Two dimensional gel electrophoresis (2-DE).  
I INTRODUCTION 
Where meat is concerned and especially beef most 
consumers worldwide consider tenderness as the 
most superior quality attribute compared to juiciness 
and flavour (1).  Because tenderness is regarded as 
the main quality attribute, this puts quality assurance 
systems under pressure to guarantee consistently 
tender meat.  Tender meat is the sum result of all 
role players in the meat industry to manage various 
factors including genetics, nutrition, growth 
promotants, pre-harvest stress, harvest technology 
(electrical stimulation, chilling), post-harvest 
conditions (duration of shelf life or ageing, 
packaging, temperature) and cooking (2).  Currently 
controversy exists between feedlot beef producers 
and pasture beef producers which includes poor 
farmers because the South African Beef Carcass 
Classification System (SABCCS) does not 
accurately judge meat tenderness, but still 
discriminates against animal age at slaughter as an 
indication of potential tenderness (3).  Modern 
technologies such as the use of growth stimulants 
and electrical stimulation influence tenderness and 
therefore the SABCCS should be adapted to take 
these technologies into account.  There is dire need 
of technology that can be used to classify the beef 
carcass based on its true tenderness and eliminate 
the biasness of age alone.  One of the potential and 
promising technologies is proteomics.  Proteomics 
can be defined as a fast developing field of 
biochemistry.  Proteomics are a wide scale study of 
the complete proteome in an organism, tissue or cell 
and the mechanism of interactions between the 
expressed proteins (4).  Proteomics as compared to 
its sister study genomics is far more complex due to 
various transformations that proteins undergo after 
translation, involving protein isoforms, post-
translation modification (e.g. glycosylation, 
phosphorylation), and protein-protein interactions. 
Proteomic structure as compared to genomics is 
easily altered or affected by a wide variety of 
internal and external factors such as environment, 
age, sex, diseases, and nutrition.  Since the inception 
of the term proteome in 1994, there were various 
analytical methods evolved or developed to study 
and understand in depth how proteomics functions.  
Out of different method developed, two analytical 
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methods stand out to be more and widely used i.e. 
two-dimensional-isofocusing–sodium-dodecyl-
sulphate-poly-acrylamide-gel-electrophoresis 
(2-DE) which separates proteins based on their pI 
and molecular weight followed by identification of 
proteins by mass spectrometry (MS). These 
technologies have promising power to identify 
proteins that can be used as bio-markers for beef 
carcasses for tenderness.   
In this study we used Nguni animals to verify our 
search for protein markers on our way to identify 
potential tender carcasses using 2-DE and then MS. 
From previous studies the Southern African 
indigenous Nguni breed showed genetic potential to 
produce tender meat (5.6) when using correct pre-
and post-slaughter procedures.  This breed is an 
example of being discriminated against by the 
SABCCS because Nguni is not well adapted to 
feedlot systems and is rather used in extensive 
farming systems and has 2 to 4 permanent teeth by 
the time they are market ready. 
II MATERIAL AND METHODS 
Animals and sampling 
The indigenous Southern African Sanga breed 
(Nguni) was used in this preliminary study. Twenty 
animals which were fed normal feedlot diet were 
slaughtered at the IRENE abattoir. Samples were 
collected in different days post-slaughter (D0 within 
1 h post-slaughter, D3 and D14 post-slaughter) snap 
frozen with liquid nitrogen and stored at -80 °C  
until further analysis. 
Extraction of muscle proteins 
The frozen muscle (200 mg) was homogenised in 
1 ml TES buffer and extracted according to Jia et al. 
(7). Protein concentrations were measured with a 
commercial kit at 750 nm (RC-DC Protein Assay, 
Bio-Rad) in an ELX Universal micro-plate reader 
with BSA as a standard. Individually extracted 
samples were analysed by means of 2-DE.  Each 
sample was run in triplicate to evaluate the technical 
variability. 
Two-dimensional gel electrophoresis 
Protein separation in the first dimension was 
performed on an immobilised pH gradient (IPG) 
strips (Bio-Rad), 24 cm, spanning the pH region 5-7.  
Proteins (700 μg) were loaded onto each IPG strip 
by in-gel rehydration overnight at room temperature. 
Isoelectric focusing was performed using the Ettan 
IPGPhor II unit (GE Healthcare BioSciences, 
Uppsala, Sweden) using a  stepwise programme 
described as follows; 500 V for 2h, increase to 
1000V for 2h, increase to 10000 V for 3h, 10000V 
for 7:36h (seven hour thirty six minutes). The 
second dimension proteins were separated on 12% 
SDS-PAGE using the Ettan DALT six large format 
vertical system (GE Healthcare Bio-Sciences).  Gels 
were stained with Coomassie brilliant blue G250. 
Image acquisition and analysis 
Gels were imaged using Chemi-doc Mp (Bio-Rad 
Hercules, CA, USA) equipped with Image Lab 
software. Comparative analysis of the expressed 
proteins of two samples within the breed was carried 
out using PDQuest Advanced 2D analysis software. 
Each sample had three gel replicates.  Gels were 
normalised using the group consensus tool. 
Differentially expressed protein spots were 
statistically significant using the student t-test at 
95% significant level. 
Tenderness was measured mechanically by means of 
Warner Bratzler shear force (WBS) (8). 
The myofibril fragments (MFL) from filtrate from 
extracts from LL were examined with an Olympus 
BX40 system microscope and a 400X magnification. 
100 Myofibril fragments of each sample were 
measured, using a software package (analySIS Life 
Science) (9). 
III RESULTS 
These results shown here are part of the study of 
searching for protein bio-markers related to 
tenderness especially in the South African beef 
breeds.  Two-dimensional electrophoretic analyses 
were (was) performed in biological triplicates on 
protein extracts from M. longissimus lumborum 
samples. Triplicates allowed increasing significance 
of the statistics behind spots showing differential 
photo densities. 
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A- 
      
 
B  
Fig. 1 A zoomed gel section of representative spots 
showing differential expression patterns after several days 
of ageing between 0-4 °C.  IEF pH range is 5–7, 12% T 
3% C Acrylamide. Gels have been stained with  
Coomassie Brilliant blue G250. The expression of the 
spots in B are also shown in PDQuest software bar graphs  
to illustrate the effect of ageing.  





WBS (kg) 6.37 4.67 
MFL (µm) 35.73 22.53 
 
The protein spots indicated in Figure 1 were 
statistically significant using student’s t-test at 95% 
significance level.  Figure 1 A shows a protein spot 
which is absent in D0 but as ageing progress the spot 
start to appear as seen in D3 and D14.  For this study 
the molecular range of the proteins were not 
determined but the pH range was located between 
5-7.  The graphic and computer based image 
analysis of the 2D gels help in pinpointing  the 
differentially expressed proteins as ageing progress. 
The quantity/expression of the spot a in  D3 and D14 
are almost similar suggesting that ageing from D3 to 
D14 did not have much effect on  spot a.   Spot b in 
Figure 1B shows high expression level in D0 but 
little in D3 and D14.  The expression of spot b is 
similar to spot a in the same Figure 1 A with the 
difference that spot a is not present in D0. The 
expression of spot b is also shown on the PDQuest 
generated bar graph in Figure 1C.  As can be seen on 
the bar graph the expression levels of spot b is 
highly expressed in D0. The spots expression seems 
to relate with WBS and MFL related to tenderness 
shown in Table 1.  The WBS decrease with ageing 
with the value of 6.37 kg at D3 and 4.67 kg at D14.  
The same pattern is followed by the myofibril 
fragment length (MFL) which is 35.37 µm at D3 and 
22.53 µm at D14. The names and properties of these 




In this introductory investigation we evaluated the 
protein patterns in relation to ageing to study their 
post mortem behavior.  The expression patterns of 
2D gels in most cases reveal more information than  
the naked eye can recognise.  With the use of 
PDQuest, differential expression was made possible.  
In this study several proteins (43 spots) have shown 
differential expession in relation to ageing.  For 
example in Figure 1A spot a is not detected in D0 
but fully detected during the ageing progress.  Also 
in Figure 1B spot b is highly expressed in D0 but 
expression decreases as ageing progress.  There are 
several factors that may be responsible for these 
changes in differencial expresssion such as ageing 
because of proteolytic action (calpains and 
calpastatin system and or cathepsins) (10).  
Intermediate pH affects the calpains and cathepsins 
negatively as they are less optimal in that pH range.  
After slaughter there are a lot of changes taking 
place in the carcass when the muscle changes to 
meat.  As muscle goes into rigor, there is a loss of 
extensibility and along with that, a change in the 
texture of the meat (11).  There are more than a few 
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key proteins that are modified during post mortem 
ageing such as actin and myosin. Those proteins are 
located in different regions of the muscle cell, and 
most have been implicated in some way as being 
vital in maintaining the structure and function of the 
muscle cell.  There were several studies that focused 
on probing this proteins as biomarkers for 
tenderness.  Searching for biomarkers related to 
tenderness has presently gained much interest in the 
field of meat science.  A biomarker is a 
characteristic that is objectively measured and 
assessed as a pointer of normal biologic responses to 
interference (12). It has to be able to fulfill certain 
criterion such as unbiased diagnosis.  It offers a 
protein, the presence or quantitative characteristics 




In this study several proteins have shown a change 
in response to ageing such as proteins a and b in 
Figure 1. At this time we don’t know if their change 
is caused by ageing or other factors.  In the next 
phase of the study, these proteins will be identified 
with mass spectrometry. 
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Abstract – Tenderness has been considered 
the most important among the palatability 
attributes of meat, and therefore the main 
determinant of its quality. Muscle sarcomere 
length (SL) has been exhaustively evaluated 
in experiments to determine whether 
tenderness was affected by cold shortening. 
The purpose of this research was to compare 
the SL of Longissimus dorsi muscle (LD), 
measured by laser diffraction and phase 
contrast microscopy, and evaluate the 
relationship between sarcomere length and 
instrumental tenderness, measured by 
Warner Bratzler shear force. The conclusion 
reached is that laser diffraction gives lowers 
lengths of sarcomere when compared with 
phase contrast microscopy, and the higher 
difference is seen in shorter sarcomeres. Both 
methods can be used to explain beef 
tenderness, however tender meat is less 




Tenderness has been considered the most 
important among the palatability attributes of 
meat, and therefore the main determinant of its 
quality (Huffman et al., 1996), and also the 
reason for dissatisfaction of up to 20% of 
consumers in the USA (Morgan et al., 1991). 
Tenderness displays wide variation among 
animals, breeds, muscles and cuts (Reuter, Wulf, 
& Maddock, 2002). 
Variations in the myofibrillar protein structure 
can have significant effects on tenderness. 
Muscle sarcomere length (SL) has been 
exhaustively evaluated in experiments to 
determine whether tenderness was affected by 
cold shortening (Pflanzer & de Felicio, 2009). 
Two methods are very much cited in the 
literature for measuring SL, laser diffraction and 
phase contrast microscopy. However, there are 
only a few scientific works that present a 
comparison between measurements obtained 
with these methods, being difficult to explain 
some low values obtained with laser diffraction 
in the absence of cold shortening (Cross et al., 
1981). 
The purpose of this research was to compare the 
SL of Longissimus dorsi muscle (LD), measured 
by laser diffraction and phase contrast 
microscopy, and evaluate the relationship 
between sarcomere length and instrumental 
tenderness, measured by Warner Bratzler shear 
force. 
 
II. MATERIALS AND METHODS 
 
Three experiments were carried out (Table 1). 
The LD muscle (12th rib), was evaluated for 
ultimate pH (pHu), cooking loss (CL), Warner 
Bratzler shear force (WBSF) and sarcomere 
length (SL). The pHu and SL were measured on 
fresh samples 4 days post mortem, while CL and 
WBSF were evaluated after 14 days of aging. 
Table 1. Description of experiments 
Description Trial 1 Trial 2 Trial 3 








Age (mo) 18 18 24-36 
Gender Heifer Bull Bull 
 
For WBSF and CL, steaks of approximately 2.5 
cm thick were cooked in a conventional 
electrical oven (170ºC), and the steaks’ internal 
temperatures were individually monitored. 
Steaks were removed from the oven when they 
reached the internal temperature of 71ºC. 
Cooked steaks were weighed, packed in plastic 
bags, and chilled at 4ºC for 24 h. Six 1.27 cm 
cores per steak were removed, parallel to the 
muscle fibers (AMSA, 1995). Each core was 
sheared by a texture meter TA-XT 2i, fitted with 
a 1 mm thick Warner–Bratzler blade. 
SL, by phase contrast microscopy, was carried 
out according Culler, Parrish, Smith, & Cross 
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(1978). A suspension of myofibrils from each 
sample was prepared by homogenization with 
ice-cold buffer of pH 7.0. Drops of this 
myofibril suspension were placed on microscope 
slides with cover slips, and examined under a 
phase contrast microscope (Nikon, Model 
Eclipse CI-L) utilizing lenses of 100x and a 10x 
ocular, in oil immersion. Images of myofibrils 
displaying better-defined structures were 
captured, and five sarcomeres of each were 
measured using digital image analysis software 
(Nikon, NIS-Elements). 
SL, by laser diffraction, was carried out 
according Koolmees et al. (1986). Samples (2 x 
1cm) were fixed in glutaraldehyde (4 hours) and 
small fibers bundles were passed through the 
helium-neon laser (Red HeNe Laser, 633 nm, 
2.0 mW). 
The statistical analyses were performed by 
ANOVA one way, and the results expressed as 
mean±SEM. The means were tested by Tukey 




III. RESULTS AND DISCUSSION 
 
There were no difference (P > 0.05) for pH and 
CL between trials evaluated, however it was 
found difference (P < 0.05) for WBSF. Trial 3 
had the higher WBSF, and no difference was 
found between trials 1 and 2 (Table 2). 
Table 2. Mean and SEM of pH, cooking loss and 
shear force by trials 
Description Trial 1 Trial 2 Trial 3 
pH 5.50±0.03 5.55±0.06 5.58±0.03 
CL (%) 24.45±1.37 22.60±0.74 23.80±0.72 
WBSF (kg) 3.47±0.22b 3.71±0.13b 6.12±0.39a 
ab Within a factor, means without a common superscript letter differ (P<0.05) 
 
Sarcomere length was not affected by trials (P 
> 0.05), however sarcomere measured by laser 
was shorter (P < 0.05) than sarcomere 
measured by microscopy. In general (all trials), 
by laser, SL ranged from 1.31 to 2.22µm, 
while by microscopy ranged from 1.80 to 
2.32µm (Table 3). 
It was found a significant correlation (r = -0.71; 
P < 0.001) between SL and WBSF just in trial 3, 
independent of method used for SL (Table 4). It 
could be explained because the higher WBSF 
found in trial 3. Trials 1 and 2 had tender 
samples, probably because genetic type cattle, 
and SL had little effect on tenderness. 
There was a positive correlation (P < 0.001) 
from SL measured by microscopy and laser for 
all trials evaluated, and the correlation 
coefficient were 0.87, 0.91 and 0.80 for trials 1, 
2 and 3, respectively (Table 4). 
Table 3. Descriptive analysis of sarcomere length 
by trials 
 Trial 1 Trial 2 Trial 3 
Laser    
Mean±SEM 1.78±0.05b 1.80±0.05b 1.71±0.04b 
Minimum 1.57 1.48 1.31 
Maximun 1.99 2.22 2.03 
Microscopy    
Mean±SEM 2.03±0.04a 2.06±0.03a 2.04±0.03a 
Minimum 1.87 1.81 1.80 
Maximun 2.15 2.32 2.17 
ab Within a trial, means without a common superscript letter differ (P<0.05) 
 
Table 4. Correlation coefficients among shear force 
and sarcomere length 
 Trial 1 Trial 2 Trial 3 
Laser x 
WBSF 
0.114338 -0.026835 -0.706449* 
Microscopy x 
WBSF 
-0.036408 0.021096 -0.706176* 
Laser x 
Microscopy 
0.870128* 0.908136* 0.803480* 
* P < 0.001 
 
Figure 1 shows the tendency line of trials 1, 2 
and 3 when plotting data from SL measured by 
laser and microscopy. It can be seen that for all 
trials the lines have a similar tendency. 
 
Figure 1. Tendency line of trials 1, 2 and 3 for 
sarcomere length measure by laser diffraction and 
phase contrast microscopy. 
Regarding the regression procedures, all trials 
were plotted together (Figure 2), and it was 
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found a linear trend for SL measured by 
microscopy and laser (R2 = 0.69; SLlaser = 
1.89*SLmicroscopy – 0.86).  
In Figure 2 it is possible recognize that there is a 
higher difference of SL in the lower side of the 
length range. In longer sarcomeres, the 
differences from methods are smaller. 
 
Figure 2. Correlation and regression coefficients, and 
prediction equation for sarcomere length measured by 




The conclusion reached is that laser diffraction 
gives lowers lengths of sarcomere when 
compared with phase contrast microscopy, and 
the higher difference is seen in shorter 
sarcomeres. Both methods can be used to 
explain beef tenderness, however tender meat is 
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Abstract – Nuclear energy has been widely 
used for peaceful purposes in the fields of 
medicine, industry, agriculture and energy 
generation. This study aimed to verify the 
occurrence of biological effects of gamma 
radiation on changes in eating behavior and 
weight development in fish and may be using 
them as a possible tool for monitoring in 
contaminated environments. 32 males of Nile 
tilapia, with standard length of 11.8 cm and a 
mean weight of 46.8 g were used. The ranges 
of absorbed dose were 0 Gy, 20 Gy, 40 Gy and 
80 Gy; for each dose range beamed up four 
fishes. Animals used in this study are more 
resistant to the deleterious effects of gamma 
radiation when compared to mammals. There 
is a certain proportionality of dose / effect 
when considering absorbed dose / food intake 
/death. Studies involving the effects of 





Nuclear energy has been widely used for 
peaceful purposes in the fields of medicine, 
industry, agriculture and energy generation. Its 
use is not always viewed favorably at the 
continuing radiobiological accidents since the 
Second World War with the testing of nuclear 
war artifacts to the explosion of the atomic 
bombs on Hiroshima and Nagasaki. Such 
accidents may occur due to technical or human 
error. Accidents caused by technical failures 
have a low probability of occurrence; since the 
equipment currently produced are highly 
reliable (1). We conclude, therefore, that high 
magnitudes of accidents occur through human 
error or unforeseeable environmental 
catastrophic event. Reports employing tropical 
fish, linking environmental stress and 
biochemical changes such as cortisol and 
plasma protein patterns can be found in: 
Prochilodus lineatus (2), Piaractus 
mesopotamicus (3), (4)  e (5), Oreochromis 
niloticus (6), (7), Colossoma macropomum e 
Hoplosternum littorale (8), Brycon cephalus 
(9), (10), Rhamdia quelen (11), no híbrido 
tambacu P. mesopotamicus x C. macropomum 
(12), (5) e C. macropomum (13), (14). In 
human beens, treatment of radiation-sensitive 
tumors has been used with increasing doses, 
occurring improvement in local tumor control 
and survival of patients (15). However, 
increased incidence of mucositis to varying 
degrees, with significant pain has also been 
observed (16). This study aimed to verify the 
occurrence of the biological effects of gamma 
radiation on changes in eating behavior and 
weight development in fish and may be using 
them as a possible tool for monitoring in 
contaminated environments. 
 
II. MATERIALS AND METHODS 
 
32 males of Nile tilapia, Oreochromis niloticus, 
with standard length of 11.8 cm and a mean 
weight of 46.8 g were used. The ranges of 
absorbed dose were 0 Gy, 20 Gy, 40 Gy and 80 
Gy; for each dose range beamed up four copies. 
During the first 10 days of adaptation, the fish 
were fed twice daily with commercial feed (35% 
crude protein) at the rate of 3% body weight (g). 
The food remained available for 1 hour. After 
this period, waste food and excreta were 
removed. The amount not ingested was 
determined accurately by the use of a balance 
after drying of the pellets. During this period, 
water quality was monitored weekly and 
maintained in optimum condition. Fish were 
weighed and measured to determine biometric 
parameters before irradiation. Fish were 
irradiated in individual plastic containers with a 
capacity of 1.5 L of water. They were then 
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transferred to radiotherapy and exposed to 
gamma radiation. The radiation field involved 
the whole extent of the space where they are 
positioned unit. In determining the exposure time 
were observing the radiometric parameters that 
ensured uniformity of the radiation field. The 
doses were measured by the use of an ionization 
chamber calibrated for 60Co radiation energy, 
following the protocol TRS-398 dosimetry of the 
International Atomic Energy Agency (IAEA). 
After exposure to gamma radiation, fish tanks 
returned to the source where they were observed 
for 30 days. After irradiation, in each 10 days, 
totalizing three periods, a new biometrics was 
performed. The data were subjected to statistical 
analysis (descriptive and ANOVA) employing 
the software ASSISTAT (16). 
 
III. RESULTS AND DISCUSSION 
 
Were used doses of 20 Gy, 40 Gy and 80 Gy, 
as in previous studies in our laboratory it was 
found that the irradiation from 1 to 10 Gy did 
not cause noticeable changes in fish.       
Regarding food intake on the first day after 
irradiation fish that received the dose of 80 Gy 
decreased from 1.22 g to 0.68 g on average, 
with significant (p <0.01) from the fourth day. 
Fish that received 40 Gy decreased from the 
fourth day, and revealed significant variation 
(p <0.01) from the ninth day (1.22 g to 0.65 g), 
and fish that received 20 Gy showed no 
significant variation.  On the fifth day, the fish 
that received 80 Gy could not eat the pellets, 
throwing them out. It is believed that due to 
the start of a mucositis (5). In fish that 
received 40 Gy, 62.5% of them also had the 
symptom. Concerned to body weight, it was 
found a significant difference within 10 days 
after irradiation with doses of 40 Gy and 80 
Gy differed from the control group. The group 
of 80 Gy differed from animals which received 
20 Gy (Table 1). It was observed the same 
behavior in animals receiving 80 Gy over its 
length (Table 2). 
 
Table 1: Comparison of mean weights (g) in groups 
of absorbed doses, in experimental periods. 
Dose 0 10 20 30 
0 Gy 49.39ª 65.19ª 70,84ª 81,35ª 
20 Gy 46.97ª 59.98ab 64,61ª 73,70ª 
40 Gy 45.02ª 54.89bc** 60,47ª 69,07ª 
80 Gy 47.49ª 50.65c** - - 
Fcalc.= 9,38  Fcrit.=4,60     **p<0,01 
Table 2: Comparison of body lengths (cm) in 
groups of absorbed doses in experimental periods. 
 
Dose 0 10 20 30 
0 Gy 12.01ª 12.96ª 13.74ª 14.17a 
20 Gy 11.75ª 12.73ª 13.13ª 13.61ª 
40 Gy 11.63ª 12.13ab** 12.73ª 13.20ª 
80 Gy 11.83ª 11.90b** - - 
Fcalc.= 5,32  Fcrit.=4,57    **p<0,01 
 
Fish that received 80 Gy died (100%) between 
the eighth and twelfth day; fish that received 
40 Gy, 62.5% died between the twelfth and 
eighteenth day, suggesting a response 
corresponding to the dose. On the eighth day 
showed up mouth lesions, indicating mucositis 
(Figure 1). 
             
 
Figure 1 - Lesions in the mouth indicating 
mucositis. 
 
Some authors who have worked with tropical 
fish and environmental stress, reported 
changes in levels of cortisol, blood 
biochemistry and even plasma protein patterns 
(1, 2, 3, 4, 8, 10, 15 and 16) and increased 
mortality to transport (6). Data from this study 
agree with the above cited as the ionizing 
radiation may be viewed as an environmental 
stressor. Some fishes showed tumor lesions 
between eighth and thirteenth day after 
irradiation, with a fish-80 Gy (Figure 2) and 
two fishes of 40 Gy (Figure 3), all came to 
death. From the sixteenth day there were no 
evidence of mucositis, or tumor lesions and no 
variation in feed on fishes that remained of 20 
and 40 Gy. 
 
 
                       510




Figure 2 - Fish received 80 Gy, early tumor on the 
eighth day. 
 
The absorbed dose to the whole body, in 
mammals, of 5 to 15 Gy generates damage to 
the gastrointestinal tract, with a survival rate 
of 7 to 20 days (18). In fish, it was observed 
the occurrence of mucositis in patients 




Figure 3 - Fish that received 40 Gy, early lesion 
apparent on the thirteenth day. 
 
The period between exposure and detection of 
cancer in humans, called latency period may 
be several years. The mean latency for 
leukemia is 8 years and 2 or 3 times higher for 
solid tumors. In fish solid tumors were 
observed in the period between 8 and 13 days. 
The deaths occurred between 8-18 days. This 
shows that the species appears to be more 
resistant to damage caused by gamma 
radiation. Some fishes that received 40 Gy 
survived and showed no signs of oral lesions. 
It is suggested that the deaths occurred due to 
an opportunistic infection likely due to 





Fishes used in this study are more resistant to the 
deleterious effects of gamma radiation when 
compared to mammals. There is a certain 
proportionality of dose / effect when considering 
absorbed dose / food intake / death. Studies 
involving the effects of ionizing radiation must 
be developed so that this species can be used as 
a tool in monitoring contaminated areas.  
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